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■Fixing device, in particular for fixing to vascular wall tissue 



INTRODUCTION: 

5 The present application is subdivided ink) 16 sections, i.e.; Sections X,Y, where 

X -~ t. 2, 3 or 4 md Y - L 2, 3 or 4, 

The sections where X » ! are sections relating to the preamble to the description; the 
sections where X ::: 2 are sections relating to listing of the figures; the sections where X :::: 3 
are sections relating to the description of the figures; and the sections where X = 4 are 

10 sections relating to the claims. 

The sections where Y ~ 1. i.e. Sections U, 2.1, 3.1 and 4.1 and associated Figures 
1-14 have been taken as a whole from NL-A 1 012 150 with date of filing 25 May 1999. 
Section 1.1 is the preamble to the description of NL-A 1 012 150. Section 2.1 is the list of 
figures in NL-A 1 012 150; Section 3. Us the description of the figures in NL-A I 012 150 

1 5 and Section i .4 contains the claims of NL-A 1 0 1 2 1 50. It should be clear that Sections 1 . L 
2.1, 3.1 5 4.1 and the associated Figures 1 - 14 can in the future be split off in isolation from 
the present application as an individual application without any problem, It is not precluded 
that these sections will be supplemented from other sections when they are split off, as will 
be clear from the remainder of the application. 

20 The sections where Y - 2, i.e. Sections 1.2, 2.2, 3.2 and 4.2 and associated Figures 

IS - 25 have been taken as a whole from NL-A S. 013 9.33 with date of filing 23 December 
1999. However, the figure numbers and reference numerals have been adjusted to prevent 
duplication with Figures 1 -14 from NL-A I 012 150. h should once again be clear that 
Sections 1.2, 2.2, 3.2. 4.2 and the associated Figures 15 - 25 can in the future be split off 

25 from the present application as an individual, isolated application, without any problem. It 
should also be clear from the remainder of this application that material from other sections 
of this application could be added hereto. 

Sections L3, 2.3, 3.3, 4 3 and the associated Figures 25 - 32 relate to a particular 
embodiment disclosed in Nl. 1 012 150 (that as such is identical to the content of Sections 

30 LI, 2.1, 3.1, 4.1 and associated Figures 1 - 14) and further developments thereof. It. should 
once again be clear that Sections 1.3, 2.3. 3.3 and 4.3 and the associated Figures 26 - 32 
ca« in the firnire be split off from the present application as an individual, isolated 
application without any problem and that this could also be done in combination with the 



wo 80/4431 1 vcrmiMtm&s 

material from Sections 1.1.2.1,3.1.4.1 and associated Figures i - S.4, k should also be 
clear from the remainder of this application that material from other section.* of this 
application could be added hereto. 

Sections 1.4, 2.4, 3.4 and 4.4 relate to a number of' inventions, such as, inter alia, 
more detailed embodiments or particular embodiments of the subjects of Sections 1.1,2.1, 
3,1, 4.1 and 5.2. 2.2, 32 and 4.2. Various aspects from Sections 1.4. 2.4. 3.4 and 4.4 and 
associated figures, on their own or in combination wish material from other sections and 
figures, could also lead to split-off applications in the future. 

Where reference is made below to Section X.l, this is intended to be a reference to 
Sections I .1, 2.1, 3,1 and 4.1 and the associated figures. Where reference is made below to 
Section X.'.L this is intended to be a reference to Sections 1.2. 2.2, 3.2, 4.2 and the 
associated figures. Where reference is made below to Section X.3, this Is intended to be a 
reference to Sections 1.3, 2.3, 3.3, 4.3 and the associated figures. Where reference is made 
below to Section X.4, this is intended to be a reference to Sections 1 .4, 2,4, 3.4, 4.4 and the 
associated, figures, 

Where the term *'flrst, second, third embodiment and/or first, second, third, etc, 
aspect or "invention ' is used in a Section X.l, X..2, X.3 or X.4 in the present application, 
this must be read as .relating to the relevant Section X. 1, X.2, X.3 or X.4, It is thus possible, 
for example, for mention to be made of a first embodiment in Section 3.3 and for this to be 
a different embodiment from a first embodiment mentioned lit Section 3.4, 

In ail sections of this application a portal fixing device is understood to be a device 
which is fixed to a vascular wall provided wuh a passage and is positioned around said 
passage in order to feed through said passage, for example, a cannula or other surgical or 
medical instrument or vascular fixing device or implant, such as valve or ring fixing 
device, or the obturator prosthesis fixing device to be mentioned below. The opening 
delimited by the tubular element of such a portal fixing device can be (temporarily) fully 
open, but can also be occluded by a (.temporary) membrane, sphincter or valve mechanism. 
Such a portal fixing device can also serve as a coupling piece for a cannula or a working 
conduit, which may or may not be provided with said membranes, sphincters or valves. In 
the case of the last-mentioned applications, the portal fixing device can first be joined to 
the vascular tissue or element, after which the portal fixing device is joined to the cannula 
or the working conduit, it is also possible for the porta! fixing device already to be 
integrated with the cannula or working conduit, so that only the join to the tissue has to 
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take pkiea After iemo\ai of the cannnia, medical or surreal instrument, implant. woiknu' 
conduh, ece. maqt from the portal fixtne device the poi ral can K- closed oft by sr.earu; of a 
cap. ^ueh -a cap can be made of 01 cohered by anticoagulant material, such £i? earixsn, 
carbon coating, urathuue. uremane coauraf. h«panr>. henarui-hke mate»nais. bur aHo by 

5 sasenlat tissue ox pericardium, which m&\ or may not be hom the patient hirvherself, or 
vc.sci.hi prosthesis niaieuals saeh as, rot example, Oac-oti or Feflor.. fhat Side ot me cap 
which can come into contact with the bluud can ahe consist of a network srrucrrsre, which 
n opuonalh coated with absorbable niateual such as, n> exampk. CDS, to piomote the 
giowth ot endothelial cells 

10 In all sections of thi application a; obturator prosthesis- fixing device ts ^aderstood 

to be a device fox lixtng an obturator prosthesis, ^ptiouasiv the entire obmraioi prosthesis 
itself, which can be used to close one or more holes cavities in blood vessel? or organs, 
sucn as. for CK^rnpie. m the ease <>f an atrium (>? s^ntriele septum defect, rupture of die 
ventricle septum or aorus, true or false .aneurysms, fistulas, etc \\ is optionally conceivable 

15 with this arrangement for the nmular element :Jread\ to be closed on the msid. from the 
stan and. for example, to as. nine the toxin ot a closed disc I ho materials which can be 
used for lbs will consist of the same materials or coatings as mentioned above for the cap 
fbi closing off the portal tlxxup device, in an> event on the side oi sides which can cone 
into contact with blood, 

20 Wtieic STS anastomosis- *s mentioned in an\ section of tins application, tras iciers to 

i <o-ealkd side-upside „nasromosts 

Wheie L'l & anastomosis ;s menooned in any ectton of ires application, tin icfeis to 
a so called end-to~<-ide anaston osts 

V\ here E'ifc anastomosis is muii-oned in any section of tins application, this refers to 
25 a so ca Jed end-to-end anastomosis 

\Vhe?e\cr mne-hite or tubular is mentioned m aiw section of this application :t will 
be clear that this cci also be aneei stood to mean cube-like or tubular elements which are 
short in the axial ■1nee*ier, or rmg-hl'o or annular clement!?. 

It -s pointed out that where reference is made in any section to inner flange, outer 
30 iarge, oottom *1anj.e, h<p Harae, dmge ^e*rrt~nK etc sasd 'bnyes can a.wass tv eitr.et 
flanges which extend n:imte:;ap:ed o: flanges which extend with interruptions (which then 
are thus made up of Oamae actions wiih $aps between thctn *. 



SECTION Li 

The present invention relates to a cardiac prosthesis fixing device comprising a. 
tubular clement which can be accommodated within 3 valve annuius of a heart and is 
5 provided with a bottom flange and a top flange, the bottom and top flanges extending in the 
peripheral direction of the tubular element, and the bottom and top flanges having a first 
position in which they extend outwards from the tubular element in order to be able to 
accommodate the valve annulus between them. 

A cardiac prosthesis fixing device of this type is disclosed in US -A 3 143 742 and in 
10 US-A 3 574 865. 

US-A 3 143 742 discloses an inner ring 3, provided with external screw thread, and 
two rigid flanges provided with corresponding internal screw thread. By screwing the 
flanges over the inner ring die flanges can be turned towards one another in order to damp 
She anaiiius in the vertical direction. Arc-shaped clasps are also provided between the 
IS flanges, die points of which clasps are driven outwards as the fianges are turned towards 
one another, in order to pierce tissue close to the valve, annaius for fixing. 

US-A 3 574 865 discloses two flanges which can be joined to one another via a snap- 
fit joint in order to enclose tissue between them. With this arrangement the snap-fit joint is 
obtained by pressing an annular section, which widens towards the outside and has beer, 
20 formed as an integral whole with the one flange, into an annular recess, which widens 
towards the outside, in the other flange, in addition, pins, which extend in the direction 
from the one .flange to the other flange and which, when the flanges are snapped together, 
pierce the tissue, to be accommodated between the flanges, are also provided for fixing. 

When fitting, a valve prosthesis to replace a natural heart valve, in general the natural 
25 so-called valve cusps are cut away, after which the natural valve annul us remains behind at 
the location of the original valve. Hie natural valve annulus is a ligament on the inside of 
the blood vessel which extends in the peripheral direction of the blood vessel and forms it 
local constriction in the blood vessel A valve prosthesis is frequently attached to this valve 
annul us. Notwithstanding what is known from the abovemerttioned US-A 3 143 742 and 
30 US-A 3 574 865, general practice is that a so-called suture ring made of textile material 
consisting of synthetic fibres (usually Dacron or Teflon! is attached to the valve annul us by 
suturing. A second annular, rotalabie housing containing the valve cusps has already been 
located in this suture ring during production, in this contest the vaiv« prosthesis can be 
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entirah a}nthetu\ but nan also b<. an ammal 05 hurnta* douoi n: ostites Fixing the suture 
cau .n pUKc, referred to *s smurmg in, Ls a time consuming i»chvu> whsch < :t tne:age 
;akcs H* to 6<» in mutes Throughout this iime thi. bean tiaa 'jjjch stopped v*iihthe aid ot a 
neatt lung 'paenjne sotee the heart oa\»hot tu: r.uji r bhnx: \csee.> to be or«ned tot the 
5 operation. 

Stepprv *bv. nea.it ,s Jama^msi K> the heait. and is so tn ptoportton fi the time lor 
oshien the bean in stopped f on?i.o;uorti}\ what r conn's down to is that the shorter fie 
oersoJ tot which the hear; ?a stopped the oetter thi<- is tot the puncnt There ts thus a need 
for a fn\r.\i teehmque uhvh tah^s i<nly h*t'o hroo at least in ans event takers appreckahh 

lo le<-s tiiut- than the euminl manual Afcre technique FarVtctmoie, the fixing tu'hruqvie must 
he jouabic in me sense that the fp'srai ts rehahle ana e^ennaslv leak-ttgh:. Insofar as the 
Jt-\«e->j uivcloscvi tu C'^-A ^ < ~n42. and I S- \ a74>^5 ireet th;s <-eou5n."uenu tfte 
portioning ot. in paitteular, the oovtoro flange, that is to saj the flange racing the heart, a\ 
however, difficult smca thia fiance -ias? to oas<- through r ~ Veal eonstnettort m the font* 0;" 

: s the vahe annular vshich h«s a dtairteiei snuhcr than that v..:" the bottom flange. Mo eovei. 
cuireattt >et mercasirdt number o-° vaiv<. operation a~c earned <wt "mtrumalls invasive*' h, 
thh t/ase tlese ,s then hrtio space ivat&P'? fo: surgical autunog ot the &utmo ring 0; f<v 
eosoplex manipulation of separate wmreiKU.j There is thua a nevd for necb&ru&at on 01 
ruhot,satK>r e^tne implantation 

20 the arp of tru 00. sent invention ^ i<> provide u hum \<Mv^. fixing devsa wheh 

makes "chabk iix'ne »<f the he^rt %^v<; jro.sfiests to the uaturaJ hejirt or a Mood "scs d 
posiibie, vvheh nx-i)g n^oreovi. - e ai be oroeaeed relat:vel\ rapid tv tnd prdera^v demapds' 
few manual iKsnsi oocation^ 

rhosA atms '^re -xhie\ed v^uh a t,ardtae p-ostrtf^i^ rlxtrg device et'the t)pe abdicated 

Z "> in flu. preamble m that tne botnw r.ai^e<- ~s 'icnt. or can be bent, revess;biv. a^ariM a 
iessaert torce, trem De f rs* po^'tma into a second posmoe in \sft?eb the pr<necton c: Uk* 
bottom f-aime on a ;au a 1 , t;atts\us>„ au*faev ot the viH-i ar o.cmcM la located essent'alK' or 
an-t/ot H.th-n tt.c ru:piver\ ot the t^buhu e'eine; ajid in that ih« bottom f;ar^c js? iisui or 
can \ e tt\*.d sr second position m stseh a v> a that the o\mg :an be released in Oider t<f 
oeud but, is, t-ie ooUom ilan^e towards tt>e f :r,s: postMer unde: t.:e ouluence of said .^hei\ 
tbrce, 

hi the ta.i. ol the e~rd\K prostr:e,->;s fixing device aw.o:dnm te me invention the 
rem^ h <trom ^nct ton fiam'e are intended Tm^'n to dtrrerer.ttate ^eovees\ a rtrst a-ad a 
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second fringe The terms bottom and top aie certainly not intended it> differentiate beftv<eo 
a flange loaned in a lowct portion smd a thu^e located ir a blghet position relative to one 
aitothei ni the vertical directum The bottom fringe >s m p.aticuiar understood to be the 
♦lanjft: whAk vvoen feeding the earOiac r^rost tes-s hxtr.e Aw t>ware.s the 
location, is located on thai s*de of tiv valve atmulus which faces the iwan and ba? to pass 
mrouA said vahe annulu? when rwrn-nr^ the erUiae pmethcsoi fixing deuce in order 
t.t he able to accommodate the valve anmiius ootweon the two fanges If the direction m 
whith the caxdiac prosthesis ftxnn, uovtee w ted towaid-; the vahv. annuity weic to he 
\-Mtiea,, the pc-calted bottom flange is then actual.* the fiance loeaicd at the top and the so- 
called top rlan^e is actual i> the the go .oeated at the bottom 

When fitting me eaiasac prosthesis fung i-mec. hi particular when brngtn^ st into 
tts position, me hmtozx flange wi! aheadv bave been h\ed to the tubular element or 
tntegnvd therewith and nave been hroagbi to iff seoono position, also referred to as the 
extended position, and fixed m place rakmu^ mto account that the diameter of the tuhulai 
eh men is M/sd such mat this fits Ktween tht* valve antukt^ this means that the bottom 
tlaa&t* is able to pa,ss throueh the \atvc annuity when m tts second position After me 
bottom tlange iiss seen msertao through I**- \am annulus, rie Iking of the bottom flange 
ean be ^leased or removed, after \shu± the baUom flange ,s able to return to the first 
position, o: at least towards the first r-o it'oi , under me tnh'ence e: the resilient lotee 
;hus me bottom flarse then able, so the Iks- posmmt, vis n \vrro to hook behmd the 
valve annum, and, together with the top fauge wmcn optional!) en be fitted ailenvariis. 
to enclose the valve annum, v\ ,th Uus attar.pemuu the valve annuls is enclosed between 
the honom and top tlaracs? 'tod then acts as a *eilabie fixing point for fixing the cardiac 
pios-hesis fixing doviw ana valve rr»-sthesis ptovided therein or valve prosthesis v>hicii 
nav su'l have u- be ittted rherem. Beeause the valve anru'us h->„allv constiictji the passage 
'ii vdr.eh the valve yroMh«us ha- to be fitted, tl-e e .rdiae nrcstba?is f \mg device according 
to the :n\enUou can t>e mo\ec! relat-.veiv eipt \ through tiic leiatixely wider pass%e ,\;nc? 
the tubui.u ciemen; and the hi -twin tLra/t: n& second pomh>:i have a diameter which ;s 
able to pa?s through the v kl \e aeoulcs jtna thus nave a diameter ^hxb makes teedru 
thrcuith the pa.sp-.fv.. in iiaiucthai ,t bluc»; \osel in the d:te:tu*n o: the vaKe ariv: iw 
possible With tms auang«.ment the mhulor exemertt are: the "'uttor„ tlange in the socona 
position e'iO optionaiK' ba%e an ov.toni-i! Otainctei s<\h *hat -he vxhole can bo led through 
tV passage t-, 4 me aonuhis s\uh some p'a^- *so *s *o be able t< ah<.>^ tbe mnvnat ekme v :t to 



abut tightly on the valve arrulux wmcK nuer aha, promotes *cahru, the tubular eieptent 
wi'l hie,e a ttsameier .such that, >» 'J least wli be chosen h> the <-nrgeor s\nk * diameter 
such thai, ,t can. oe aeconiciudaUx in the smvc ar.r.uius v.)th some stretching of the tattei 
^eoidir.g in -i tutthor -xirttcnkir >'mDooirocn: ot lie i mention it is aavare^sueous if 

5 the top uanee i;> bent. o r cat) be bent, ieve^iblv irore, tie first position, against a testiicnt 
iorte. into a ueeonci position it vv-oeh the piojechou oi the top flange on a radial transverse 
surface oi die mbuiar element is located essentials on and'Ot \vnhm the periphery of tk. 
iuha 5 <ir element, ,-md if the tup tlarue is fixed, or can be tked, m saai second position m a 
manrur such that the fixing can he nf eased tn order io cause the top flange to bend back ir. 

10 ihc auecuvm of the in 't position nndu the rdfluejue ,it *aid icsJicnt force, In tins suvy it is 
possible for the top tlange already to he iKed to the nHusur dement, and optionally 
integrated theicwith. before titling the cardiac prosthesis fixing deuce ane, tit the same 
time, io ensure an adequate ptay in the passage via which the cardiac prosthesis (I King 
dtrv-ee has tj be fed n> its description, tie vahe annukis. or at least to ensure cisy feeding 

IS to .said vahe annuhts After alt the *ep :lange aiso can then have a diameter nairowsrt than, 
the diameter of the passage vja v%iach the whole has to be fed 

Both ia the case nf the bottom- fiance irai n the >.ase or the top flange, *f the latter has 
at s ea,si been bent, or >s bendable, mto a second position, tk pJeasanSe fixing tn the second 
portion eon le produced m a number oi v.avs (.'jus-UeiaLon car, be given, niter aha, to 

20 maxth.. tr.e cardiac prosthesis, Wing device of a so-called memors metai, such a$, fos 
example, a raeko 5 titanium aU©> %v«h yjch a construction die bottom ana top fiarges can 
be brought hot) tie Prst povtion uno thv second postfon m uirter :hen> as u vier^. to 
freeze in said ?ccond position Iris tlxtng can Ihtrn be e&r.ceKed bv heating the cardiac 
oro.vthcsis fixing deMcc r-r at leaM *he respective memo<y metal part thsrcuf, abo\e a 

25 certain tenipc-ataie. aftes witch me bottom, arid optional v the top, flange return to tneit 
tu^t poMtjon tmder the influence oi the nmens-unmg With this, contraction tnc so-called 
second position u, as t wcie, a fic/en po,n*ior wnich is cancelled by exceeding a certain 
tcmpcr-.nue u- at kaot reieasui;/ dx faven pretonMoransi n-rces W i*h th.,s construction ti:e 
t«nipera;uie above wincn the tlced second po^nion is rt leaded can be adtustei bj iiK^rs of 

30 suiLible choree of tlte composition the mentor. niOtai alioj kese^sabie fixing m the 
scrota poeuicr. cm ai?o he ,Khic\ed «i other v,^vs This be rurther discussed further 
below. 

It order to achieve ejartrvng of cal\e annnkH n o< adseevaueeus acc^rdu)^ u die 



wo 00/443.1 1 Fcmhmmim 
8 

invention if, in the first position, the axial spacing between the bottom and the top flange, 
in particular the outside edges thereof, is less than the thickness of fee valve annuius to be 
accommodated between them in order to be able to clamp the valve asutulus between the 
bottom and top flanges in the assembled position. Specifically, on returning from the 
.second position io die first position the bottom and top flanges will come into contact with 
the valve annuiux before achieving the so-called fust position at a point in time when there 
;s still residual pretemsiouing force present in order to bend back the bottom and, 
respectively, top flange further in the direction of the so-called first position. 

Clamping of the valve annul us can, moreover, also be ensured or, supplementary 
thereto, also further ensured if the bottom and the top flange in the first position are in a 
position in which they are pretetisioned .racing towards one another. This can be achieved, 
for example, by making the cardiac prosthesis fixing device available to fee medical 
specialist with a spacer clamped between the bottom and top flanges, Before fitting the 
heart, valve fixing device the bottom and, if appropriate, also the top flange must men be 
brought into and fixed into Its/their second position, the spacer then being removed. 

The bottom and top flanges can each be a flange extending uninterrupted around the 
periphery of the tubular clement. However, it is also very readily conceivable to construct 
both the bottom flange and the top flange or one of these two flanges as an interrupted 
flange. In this context the flange constructed as an interrupted flange can, as it were, consist 
of flange lips or flange Angers which are separated from one another in the circumferential 
direction by cut-outs or incisions. Assuming an essentially round tubular body and cut-outs, 
the angular spacing between adjacent flange Up? or finger.* can then be, for example. X 10 
or mor-.- degrees fhe cut-outs or incisions cist also extend over a much smaller angular 
spacing of 1 degree or even less, in which case the incisions are more or less pure incised 
slits, la order to facilitate, in particular, bringing the bottom and/or top flange from a first 
into a second position and causing the bottom and/or top flange to return from said second 
position to the first position, it is particularly advantageous according to the invention if the 
bottom and/or top flange comprises a number of fingers arranged distributed around the 
periphery of the tubular element and separated from one another by incisions, cut-outs or 
folds. Furthermore, it can also be advantageous if the inner flange and optionally also the 
outer flange have a more or less uninterrupted arid an interrupted section. For example, the 
central section of the flange can be uninterrupted i which improves the seal with the 
annul us* aod the peripheral section can be constructed as an interrupted section with 
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fim»eia t which promotes firm t-xmg to the tissue) 

In o-dei, h partieuiar. so te.smt the r.e.mbci of furtkr nrmual or at Last medical 
operaiums. and thus the duration o.'me operation, alter fining trie cardiac prosthesis fixing 
device, i is acvanugeoes- aceo-umg to die iust,-n:i><u ^t *he tuoulwi element o< mie^raiei 
5 v-ith a eatve or ring prosthesis o: with preierabH round or evhndncal. holing thereof Ir 
th-s corcexi mtegiatio" must t>e iinder.stood *o mean that aw s.i.vc or ring prosthesis or 
housing thereof h<w already been tix?d to the tubnla element pnor to fittmg or, m the 
extreme ease-, ha.s been termed as ar integral whole therewith. Its piacuce, fixity of The 
vake prosthesis to the lobular e.emeiU will Drefembly wke place .n such a way that the 
10 -vaivo prosthesis is sti s l tumabie nnams V (he tubular element (about a longitudinal axis of 
the tabular element) m order to he able ciecmatcly to pcNnmrt me valve pmstkess? 

With a view to acecssihshn ol the tubutar element coring implantation, m paracu'at 
ti.-c fixing to the surrounding us. ue it tan -oe advantageous aeeotumg to the invention if the 
tubular element and the vaive prosthesis -ire assembld together oni> after nr plantation of 
IS me cardiac prosthesis fixing device With a % icw t- t tma jt is advantageous according to the 
invention if the tubular element ts provided with a lower hmu m order to prevent i \aivc 
piOMhesis positioned sr> uk tubus ir demen arter unpkmuuon ot the cardiac ptosthests 
fixing dvvee horn I eeommg detacned m die downward direction from the tubuhr element 
ana or with a top closure m oider to prevent a \aht prnsihe;if fitted in the tubular element 
20 aher implantation ot the cauhae prosthesis fixing ievs.ee trom becoming detached in ik 
apwaa diteetton horn the tabular element With tins arrangement the lower limit and ton 
closure do not ne^essorilN have to oe p;ouded ;st the bortem and the top, respective!) , oi 
the tubmar element The point at issue here is that me Iov\%r kmu prevents die vake 
prosthesis irom b«insi ahie to detach :Van the tuhusar element m the downwad dueUior. 
25 met that the top vlosute prevents thx valsx pro.smeais ifoui bei-i« able io detaeli from the 
tubub r tlenent in the upwasd Jueeuon AceoiCtn!; ro one tmoodnnent, the lower lirrit can 
eontpiijf a Mop, vacti as 'sr. inwani-r^>jntm>; nb evondmg tr. the uenpheiai ditecuon, 
arranged ifiMdt me ti-b^.-ai etemen: it me bottom 'hereof According Us the mvcnttoi me 
top k \vuic ean Cvitmi^e a 5e:ew mvi -n smtn-fit ang rdo- re^hem hps. it .s a^o 
30 v,or.eeo,,'.b:e that the h-wci hmu ;iuJ lop v -i>ai:re aie psoMdvd siinaHaneotisi\ bv -.he :,an\*.' 
elements. In ihss eontexi consideration >_ars be i?>veu, tnte' oa.i. to :nterr.'il sciesv thvad m 
the tnhnsax element \smeh is able to mtetae: \\i*h e\terrai screw thiead on the valve 
prost'ie.n.i or a K*\onet Utttnp or i b.,vor»et-uki. csoMire 
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In order to improve the damping of the valve annuius, it is advantageous according 
to fee invention if the bottom, and top flanges are at least paroaily arranged in accordance 
with a sinusoidal pattern ia the peripheral direction of the tubular element. The reason for 
this is that the valve annuius, m particular in the case, of an aortic valve, follows a 
5 sinusoidal pattern and that in this way the bottom and top flanges can he matched to the 
path of this sinusoidal pattern. The shape of the valve annuius will in general be dependent 
on the type of heart valve, such as aortic valve, mitral valve, pulmonary valve or tricuspid 
valve. Practice has shown that in other respects more or less standardised dimensions, in 
particular as far as the so-called diameter is concerned, can he maintained for the various 
10 types of heart valves. What tins comes down to is feat fee hear, valves are made available 
in various standardised sixes and thai, before or during the surgical operation, the correct 
size for the patient is determined and the correct standardised heart valve or cardiac 
prosthesis fixing device is taken. 

As tar as the shape and size of natural heart valves are concerned, it can be pointed 
IS out in a general sense that natural heart valves consist of two or three valve cusps which are 
attached to the heart or a major blood vessel along a rim or a ligament. This rim or 
ligament, the valve annuius, can be calcified to a greater or lesser extent, which is usually 
the case if a valve prosthesis has to he fitted. The mitral valve consists of two valve cusps 
and the annuius in fee case of a mitral valve is located in a more, or less fiat plane. The 
20 aortic valve consists of three valve cusps, the attachment of the valve cusps being half- 
moon-shaped, as a consequence of which the. natural annuius of the aortic valve has a half- 
moon shape- with three troughs at the location of the middk of the valve cusps and three 
peaks at the location of the commissure. The shape, of the opening is more or less circular 
in the case of the three-cusp aortic valve and is somewhat kidney- or bean-shaped in fee 
25 case of the two-cusp mitral valve. In principle, the cardiac prosthesis fixing device 
according to the invention can he used with any type of heart valve. According to the 
invention, this means that the so-called tubular element according to the invention does not 
have to have a circular shape, certainly in the case of a so-called mitral ring prosthesis. The 
shape of a cardiac prosthesis fixing device for a mitral ring prosthesis according to fee 
30 invention could, in essence, also be kidney-shaped or bean-shaped as well as circular. 

in particular if the cardiac prosthesis fixing device is intended for fixing an aortic 
valve prosthesis, the sinusoidal path of fee bottom and top flanges wiU have a length of 
three sine periods together spanning the circumference of the tubular body. In particular -n 
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the case of a cardiac prosthesis fixing device for an aortic valve prosthesis, it is furthermore 

also very readily conceivable that the tubular element is a sinusoidal ly wave-shaped ring or 
shmsoidaily wave-shaped cylindrical element with three sine periods. 

If the valve atvnmus to be accommodated between the bottom and top flanges has a 
sinusoidal shape three periods long, as is the case with the annul us of the aortic valve, it. is 
advantageous according to the invention if; 

the top and bottom flanges comprise flange segments for clamping the sine wave 

troughs of she valve annulus, which ilange segments are preferably positioned 

approximately H0 C apart; and/or 

the top and bottom flanges comprise flange segments for clamping the sine wave 
peaks of the valve annulus, which flange segment are preferably positioned 
approximately 1 20* apart; and/or 

the top and bottom flanges comprise flange segments for clamping the sine wave 
origins of the valve annulus, which flange segments are preferably positioned 
approximately 60* apart. 
The advantage of this is that in the case of such a sinusoidally wave-shaped valve annulus 
said valve annates can be gripped by means of a segmented, in general discontinuous, 
bottom flange and optionally discontinuous top flange. With this arrangement the point of 
fixation to the valve annulus, that is to say the sine wave peaks and/or sine wave troughs 
arid/or sine wave origins, can be chosen depending on the anatomy and/or condition of the 
valve annulus of the patient concerned. From the standpoint of accessibility, it will 
frequently be preferable to opt for clamping the sine wave peaks, which are, in fact, on the 
side facing away from, the heart, which in general is the easiest, to teach. However, 
depending on the anatomy and/or condition of the valve annulus, other locations for 
clamping the valve annulus can be chosen, depending on the patient. The fact that the 
fixing of the cardiac prosthesis fixing device becomes more reliable and robust with more 
clamping points should be obvious. A leak-tight seal on the valve annulus can be further 
ensured by making the segments sufficiently broad and/or making the top flange 
continuous and optionally rigid (that is to say not hendable into a second position) and/or 
using supplementary additional segments anti/or constructing the tubular body such that it 
is an oversized fit in the valve annulus (which is then stretched somewhat) an&'or some 
other means. 

hi order to improve the closure along the outer surface of the tubular element and to 
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ix* aHe rehably to ensure this, it is advantageous according <o the invention :f the outer 
sorioce of the tuhular element is concave, h this sontext n is optionally esen possible tor 
this ooncavnv to continue uito die bottom ard or top flange, which bottom and'or top 
^anp.s t^en. as it vsere, h<;in tb- ends of the concave 

hi order furthet 10 improve the anchvnrg o; tixinc of the cardiac pro-thesis fixing 
devke acc<>rduic to trte invention >t J5 advantageous aecotdmg to thj invention tf fee 
bottom and/or lop flange or fingers of the oottom and/or top things:, ts/are provided with 
aicnormc means, such as barbs, points or roughening-;, for anchoring in the valve anmuus. 
Said barks, point.s or ioughomne,x referred to in geaeiol as anchoring means?, eon then 
penetrate mn« fee tissue of the \al\e annuity and fasten thereu For the same purpose it is 
also possible for roughcnmgs to he pro\ ided on the outside of the tubular element 

Although, according to the invention, use cart be made of memory metal*, as 
mekel-titarnuni allovs, *h ; ch are fixaoie freczable in a pretenssoned stats, it ts prcterahk 
according to the invention n the cardiac prosths.sK fixmg dtr\ sec further comprises fixing 
means for reiea^abiy fixmg the bottom and or top flange m the second position. Such fixing 
means can comprise at iea*t one annular element, such as l .sleeve, ting or suture, \shieh are 
placed or can he placed around the bottom arid/ot top tiange, when the flange v s in tne 
a-eond nosr.ior.. to otder to fix the bottom and. resoechveK top ilangst tn their second 
posuii-n When the cardie prosthesis nxine de\ see nas then been brought mto «iaee mstde 
the \'iive anmiiu.s. the r\mg means can be removed or the fixing effect thereof cars be 
cancelled. Aecosdirg to a particularly pretered endvdunent the ftxmg means comprise a 
s'ecve m vsfucn the nmahr element with the tv-nom fhnge in the second posmon and 
optionail> the top ttmge tn the second position can he accommodated or Have been 
accommodated m such a was mat the tubular element, the bottom tlange and die optional 
top flange cat: oe pushed out of the sleeve hv redacting th.- sleese horn the iubuhr clement 
m tit- longitudinal dueahm tacing a*a\ rrom me oottom flange Ir. this v.a> the entire 
heart vahe fixing device, which may *>> mav not alreidv K provided v,uh the heart valve 
-o- osmesis, accommodated ni a \lee\e cm be b: ought into pOMtioa -nside the valve ammius, 
atter uhich the sleeve can be vvjrhdtawn and fr.e bottom and, op*ionsih, top flange can 
return to a first pi'smoo so that t>ie bottom and to" ihmge? together aie able to 
engage enclose tk %'a:\e jiinaks. However, accord^ to the indention st is al?>» vctv 
readily eonceivabis for the ftxiac: means 10 eo: riptide a surure, such as a ligature, which i.\ 
stretched taut around the hoUoir ilange ei tht- second nosition and for the t^o ends of the 
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suture to nai over the outside of the tabular element to thai side of the tubular element 
which faces away from die bottom flange in order to be fixed in place at that side or 
beyond that end, it being possible to remove the suture after detaching the one end of the 
suture by pulling on the other end of the suture and those parts of the suture running over 
5 the tubular element preferably being guided in guide means. Such an embodiment with 
which the fixing means tor fixing The bottom ilange comprise a suture is in particular 
advantageous when the cardiac prosthesis fixing device has already been provided with the 
valve prosthesis concerned prior to fitting. Specifically, in such a case it is less sensible to 
remove, or at least to cut through or cut, fee suture around the bottom flange between fee 

10 valve cusps. This is because the valve cusps could easily be damaged while doing this. 
With this arrangement the guide means through whic.lt the suture sections preferably run 
have the advantage feat cutting of the suture into the valve anmiius tissue is counteracted 
when pulling away the suture. 'Hie guide means themselves cars also be contracted such 
feat they are also removable and then are withdrawn after removing the suture. Fixing 

15 means, such as a suture or ligature, can also be highly advantageously used with fee top 
flange. Since the latter is still accessible from above after fitting, without going through the 
tubular element, guide means are superfluous and the suture will not have to ran over the 
tubular element either on the inside or on the outside. If the valve prosthesis itself, feat is to 
say the replacement for the valve cusps, is placed in the tubular body only after fitting and 

20 fixing fee tubular body, the ends of the suture lor fixing the bottom flange in the second 
position can then also run through the tubular body on the inside to the accessible top 
there* *'vke it is a'so possible \i* the passage through tlx tubular element to reach the 
bottom thereof in order to remove fee suture. 

The cardiac prosthesis fixing device according to the invention can be used both wife 

25 completely synthetic heart valve prostheses and wife biological heart valve prostheses, 
which can originate from animal or human donors and which may or may not have stents. 
The cardiac prosthesis fixing device according to the invention can also be used with so- 
called ring prostheses, which are used to "repair" the diameter of the opening of a leaking 
valve (usually the mitral valve] by constricting this by means of a ring only. This ring can 

30 be placed mside and constrict the diameter of the opening by being engaged by the annuius. 
Such ring prostheses can be uninterrupted ox interrupted and can be round or beau/kidney - 
shaped. 

As far as the flanges are concerned, the cardiac prosthesis fixing device will in 



WO 0G/443J 5 P<n-/M.«0:00265 

14 

particular have been made of a relatively stiff materia). The flanges can themselves be 
bendable against a resilient force or can. optional^ be mounted on supports, such as arm- 
like bodies. which arc hendahle against a resilient ioroe. Trie cardiac prosifaesis fixing 
device according to the invention can, in particular, have beer, produced from a metal 
suitable for implantation. In practice tor such applications metals are frequently coated 
with a carbon coating to counteract clotting. The cardiac prosthesis fixing device, and in 
pabular also the flanges thereof, can be coated on the outside with textile-like material in 
order to make tissue ingrowth possible and for leak-tight covering of the gap between the 

tubular element and the valve annuius. Materials of this type are usually made ofDacron or 

Tenon-like synthetic fibres. This textile-like material can also have been treated with 

substances which counteract blood clotting and/or infections, 

in accordance with the invention, the cardiac prosthesis fixing device according to 

die invention can also very readily be used tor fixing vascular prostheses in major vessels. 

in this respect the term cardiac prosthesis fixing device must therefore be considered to be 

broader than a fixing device tor fixing prostheses m passages or conduits through which 

blood flows. 



SECTION 1.2 



The present invention relates to a prosthesis fixing device, such as tor a cardiac 
prosthesis, comprising a tubular element intended to He, when the cardiac prosthesis fixing 
device in the fitted position, with the outside in contact with the peripheral wall of pan 
of the circulators' system and to accommodate a valve prosthesis inside it, the tubular 
clement having pins arranged distributed around the periphery, which pins penetrate the 
peripheral wall when the device is in the fitted position. 

A cardiac prosthesis fixing device of this type is disclosed in US-A 3 143 742. This 
device comprises two flange-like rings which are mounted on a common sleeve provided 
with screw thread and can be moved towards one another over said screw thread by 
screwing in order to clamp annuhts tissue or possibly some other type of circulatory system 
wall tissue between them. Both flange-like rings are provided with passages through which 
anchoring pins can be pressed outwards With this arrangement me pins are shaped as an 
arc of a circle and pressure is exerted on the pins which run through passages in the one 
flange-like ring by the other ilange-like ring on moving the two flange-like ring elements 
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towards one another, so as to emerge at the outside in order to penetrate circulatory' system 
wail tissue. This known cardiac prosthesis fixing device has a number of disadvantages. 
One significant disadvantage is that the fitting of this known cardiac prosthesis fixing 
device, in particular the damping of the annuius tissue and .simultaneous penetration of the 
circulators- system wall tissue by the pins, is muck less simple than it appears. Firstly, the 
flange-like rings make it more difficult to position the cardiac prosthesis fixing device m 
place since these rings must have an external diameter greater than that of the annuius to he 
clamped and therefore it is relatively difficult tor them to pass through the annul us to be 
clamped. In order to move the fiangc-blc elements towards one another fee aner ,dee\e, 
provided with external screw thread, has to be turned whilst the ring-like flanges have to be 
prevented from turning with the sleeve. Turning the inner sleeve, provided with external 
screw thread, for this purpose will, inter alia, require some force and partly for this reason 
is difficult to operate remotely by means of catheter-like aids. Furthermore, there is a risk- 
that some turning of the inner sleeve relative to the ring-like flanges can already occur- 
when manoeuvring the sleeve into its dest.tnaf.ion, as a consequence of which the points of 
the pins can emerge outwards prematurely. These points can then damage the wall tissue of 
the circulatory system. Furthermore, it must be pointed out that according to Fig, 10 of US- 
A 3 14? 742, the points of the upper pins already protrude beyond the upper flange-like 
ring in advance and thus will already he able to give rise to tissue damage on manoeuvring 
the ring into its position. Furthermore, the cardiac prosthesis fixing device according to 
US- A 3 143 742 consists of a relatively large number of separate components, which is not 
oniv a disadvantage from the cost point of view but, moreover, also makes production 
more difficult and, perhaps even more importantly, increases the risk of failure. If just one 
of the pins cannot be pushed properly outwards, this is sufficient to impede further 
screwing of the ring-like flanges towards one another and thus to make the reliability of the 
fixing of the cardiac prosthesis fixing device uncertain. 

The aim of the present invention is to provide an improved cardiac prosthesis fixing 
device of the type indicated in the preamble. In particular, the aim of the invention is to 
provide a cardiac prosthesis fixing device which is very reliable, in particular with regard 
to the fixing on fitting. 

The abovementioned aim ts achieved according to the invention in that each pin is 
arranged on an arm which Is attached by one end to the tubular element in a manner which 
permits swinging about a hinge axis, such as via a told line or bending line, and in that the 
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arms and pins are movable, by swinging about the hinge axis, from an insertion position, in 
which they arc essentially located inside the tubular element, into a fixing position in which 
at least the pins, viewed m the radial direction, project outside the tubular element. Because 
she pins are completely mside trie tubuhi element. that -s to say inside an imaginary 
5 minutely continual circumferential surface thereof, during insertion, it cat) be ensured that, 
on feeding the cardiac prosthesis fixing device to its destination, the pins are not able 
prematurely to come into contact with the surrounding tissue material of the circulatory 
system and thus are not able to impede manoeuvring of the device to its destination and 
possibly to cause damage. Furthermore, the cardiac prosthesis fixing device according to 

10 the invention can be produced as an integral whole., although, if desired, it can also be 
made up of a number of components. A further advantage is feat swinging the arms, with 
the pins thereon, outwards in order to penetrate surrounding tissue of the circulatory system 
can be achieved in a manner which is not oo.lv very simple but dsn very reliable, inspection 
afterwards also being readily possible. For example, use can be made of a balloon to be 

IS inflated within the eiTCiunierentiai plane defined by the arms or of another type of element 
that is capable of exerting forces directed radially outwards. Visual inspection from the 
inside can take place afterwards using known means, by checking whether all arms, and 
thus also the pins formed thereon or fixed thereto, have :wung sufficiently far outwards, 
in order to be able to ensure with a high degree of certainty that the pins, or at least 

20 the points at the ends thereof, are not able to come into contact with surrounding tissue of 
the circulatory system while manoeuvring the pins into their destination, it is preferable 
according to the invention if the pins are located within the longitudinal boundaries of the 
tubular element in the insertion position and if the tubular element is provided with radial 
passages located alongside the pins in the radial direction, in particular slit-shaped passages 

25 extending in the longitudinal direction of the arms, such that the pins emerge through these 
passages on swinging from the insertion position into the fixing position. Thus, the tubular 
element will completely .shield the pins horn sunounding tissue of the circulatory system 
while manoeuvring into its destination. 

In order to simplify the outward swinging of the arms, with the pins provided 

30 thereon, it is preferable ;f the arms, viewed in the longitudinal direction uf the tubular 
element, extend essentially in said longitudinal direction. This makes it possible, certainly 
if all arms are oriented in the same direction with respect to the longitudinal axis, to swing 
said arms outwards by pressing a ting or forcing body, having a diameter greater than the 
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diameter determined by those pans of the arms and/or pins located radially furthest to the 
inside and a diameter smaller than the internal diameter of the tubular element, between fee 
arms in the longitudinal direction into the tubular demerit. Such a forcing body could be, 
for example, the valve prosthesis;, or at least a surrounding ring thereof. Furthermore, it is 
5 pointed out that it is certainly not necessarily the case that this forcing body has to be 
pressed between the amis by means of a compressive force, but that it is very readily 
possible tor said forcing body to he driven into the tubular dement from one side by 
pulling a pull dement, joined to the forcing body, from the other side. In this context it is 
particularly preferable if the arms, viewed from the hinge axis, point away from the heart in 

10 the insertion position. 

According to a further advantageous embodiment, each arm can have at least two, in 
particular two, pins, in this way the robustness of the fixing cars be improved and, 
moreover, it is possible to penetrate uhe valve annulus from opposing sides. 

in order to improve not only the fixing of the cardiac prosthesis fixing device, but in 

15 particular also the seal thereof with die surrounding tissue of the circulatory system wall, it 
is preferable according to the invention if the tubular element has a bottom and/or top 
flange extending in the circumferential direction of the tubular element, which flange, at 
least in the fitted position, projects outwards with respect to the tubular element in order to 
come into contact with, or at least to overlap, the bottom or, respectively, the top of the 

20 valve annuius, in order, m particular, V make it possible vuth this arrangement for the 
bottom or. respectively, top flange to point outwards with respect to the tubular element 
after positioning of the cardiac prosthesis fixing device at its destination, it is preferable 
according to the invention if the bottom or, respectively, top flange has a number of flange 
fingers separated from one another by incisions, cut-outs or folds and arranged distributed 

25 around the periphery of the tubular- clement, in this way it is possible to maintain the 
bottom or, respectively., top flange in the position in which it is extended with respect to the 
tabular dement, or optionally in the inward-pointing position, while manoeuvring into its 
destination and to bend the bottom or. respectively, top flange into a position in -which it 
points radially outwards only when it is at its destination, in order to ensure that the valve 

30 prosthesis to be fitted after positioning, the cardiac prosthesis fixing device is not able to 
detach, from the cardiac prosthesis fixing device, it is preferable according to the invention 
if the tubular dement, is provided with a lower limit m order to prevent a vahe prosthesis 
placed in the tubular element after implantation of the cardiac prosthesis fixing device from 
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detaching from fee tubular element in the downward direction, and/or with a top closure In 
order to prevent a valve prosthesis placed in the tubular element after imputation of the 
cardiac prosthesis fixing device from detaching from the tubular element in the upward 
direction. With this arrangement, the lower limit can be a stop arranged inside the tubular 
5 element at the bottom thereof, such as an inward-pointing rib extending in the 
circumferential direction. With this arrangement the top closure can be a screw ring or a 
snap-fu ring and/or resilient snap-fit lips. 

hi order always to be able to orient the valve prosthesis ia a specific desired position 
with respect to the circulatory system, irrespective of the precise rotational position of the 

10 cardiac prosthesis fixing device, it is preferable according to the invention if the valve 
prosthesis cars be accommodated in the tubular element such feat it can be turned about its 
longitudinal axis, for example by means of a screw thread connection, a bayonet 
connection or a combination of a peripheral recess in the one part and one or more ribs on 
fee other part interacting therewith, the cardiac prosthesis fixing device preferably also 

IS being provided wife a twist lock in order to be able to fix the tubular body and the valve 
prosthesis in a desired position wife respect to one another. 

In order to be able to ensure that the pins penetrate fee valve annuius as much as 
possible, in fee case of a sine wave-shaped valve annuius, as is the case with the annuius of 
the aortic valve, it is preferable according to the invention if the arms and fingers are 

20 arranged at least partially in accordance with a sine wave-like pattern in the peripheral 
direction of the tubular element. In this context, it is particularly preferable if the sine wave 
path has a length offeree sine periods together spanning the periphery of the tubular body. 
Furthermore, according to the invention it can be advantageous ;n th-s context if the tubular 
element is a sine-wave-shaped ring or sine- wave-shaped cylindrical element with three sine 

25 wave periods. 

In order to facilitate the outward swinging of the arms provided with pins so that 
surrounding wall tissue is penetrated by the pins, and in particular to restrict or at least to 
reduce as far as possible the exertion of forces on the cardiac prosthesis fixing device 
during this operation, it is preferable according to the invention if the arms provided with 
30 pins have been bent, or can be bent, a^ams! a "esfeeot force From an initial position, 
corresponding to essentially the fitted position, into the insertion position and arc fixed or 
can be fUed u- ;saiJ ^erttor. position w such a \\\\ that tre fixing can be rek^e.l m otier 
to cause the arms provided with pins to bend back to, or at least in the direction of, the 
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fitted portion under the influence > t l^e restKnt lores 

In order to improve the <tbutment oi the <.atdiac prosthesis hV.rg device with a *«ive 
annulus and, m particular tne ica- with said valve ar.ruhis, A ^ preferable aceorumg to the 
invention it at east oart ot the external surges es fee tabular element is, concave. 

With rebate tf e rrat^n.jJ m Claims 2$ - 38 of this application, <.o«isuiered 
sepasately from the other eixms, reference can be trade tor embodiments and futthci 
exrxanaton to Netherbrias Patent Application 1 012 150 v^hieh wa* tiled on 25 IW 
has -ioi prtv>oasiy been puohched and in incorporated as m uuegtai part ot uYs PCT 
application hv means of Secsmn* , \ 2 1„ " 1, 4 1 and associated Figures I - i4 

SECTION L3 

The present invention relates to a fixing device for fixing to vascular wall tissue, 
comprising a tubular element which can be accommodated within a passage surrounded by 
vascular wail tissue and is provided with bottom fingers arranged distributed in the 
peripheral direction of the tubular element and with top fingers arranged distributed in the 
peripheral direction of the tabular element, the bottom and top fingers having a first 
position in which they project outwards from the tubular element with respect to the axial 
direction of the tubular element in order to be able to accommodate between them the 
vascular wall tissue surrounding the passage. 

A fixing device of this type in the form of a cardiac prosthesis fixing device is 
disclosed in US-A 3 143 742 and in US-A 3 574 865. These publications have both already 
been discussed at the start of Section LI and therefore it now suffices to refer to the 
description given there, which can be considered as being incorporated here. 

When fitting a fixing device, such as. in accordance with the present invention, in 
particular a vascular- prosthesis fixing device, a postal prosthesis fixing device or an 
obturator prosthesis fixing device, in a passage surrounded by vascular wall tissue, the 
fixing device will have to engage on the vascular wall tissue surrounding the passage and at 
least pari of the device will also have to pass through this passage. Furthermore, the fixing 
device usually has to be fed via the circulatory system to the passage in which the fixing 
device has to be fitted. When it has reached lis destination., the fixing of the fixing device 
to the vascular wall tissue surrounding the passage must be reliable, robust for a prolonged 
period and preferably also quick and effective to produce. 
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i ! -e ajn of me ?~<^ent m\enaou i* ro pros.de an mtpto<.ei fixtng destee, for fixtmt 
to v.neuiar wJI tiisu., \\hicrs :neeN the abtne requirements 

\ceeidmg to the invention satd aim i^ aehso\ea m th-it both the bottorr ~r*d the top 
fingers haw Deer. r vut aeuie or con V hent aaiie. tev„<; fob., ajtamst a testhent force, :rom 
5 tbe ttrv \ ^axon tnto i ^eond poaua-ti m which the nto'ectton ot the hotmrt aad fop 
rh-.^e.s on a mdtaS trarsdsciv-c saltan or the tubular (. driest ^ located essuiUaliv eo and/ot 
witfim tr»t* pcrphetj of tte master ekrreritt ana ju that the bottom and top futgers are fixed 
o- c-trt be fix^d m saui ^eoiid posits by a skwe m wlueh me tabular element an£ at least 
part e: the bottom and top towers whieh aie i\ the second position bet:. 

10 jceoromodatcct oi car be accommodated seek mat u\ mhaLtr element the bottom imptt$ 
are: the top fingers e\n he shd <u>niph:iei\ out of the Nteae by sliding die vk-eve at the 
l oog.tiu;naj diction of the luhuU element, m erdet to uiknv the bottom and top fitters to 
return to the first posiuo" In the weeded *irst position, which essenuaiiv ce-respotuS to 
the posrhon after fixeu, the itrn^ puijcct outwards wti tesneef to the tubular body ^ 

15 oxdet to accommodate between than thv \a>eular wail tsiciue mat sunounds tK passage 'at 
which the ilKtrtii deuce is to be tmed IV lingers ue, as it were, directed, agamsrt a 
resfuete torce. along the tuh tar «oilv <<~ at :eust aloiiir tne truagmar} tube surface defined 
b\ thv, tubular body (r the tubular Hod> is snorter or appr^oabh shortei m the axial 
due u» n than the kmgvtudmai d;rvCUou of me Jnget\) aitd helu in said position. Jueeted 

20 along tie tuhf ar heiv or opU<>nall\ withm tht tubular bodv oy plaesrg a sleeve around Ox 
whole ] iu sleeve is then mse'leO through die txtsvm^ m ^hsch the fixing de^ie^ ^ to be 
fetea, i-iitti .t t.s consuls potitionca. aftet wmeh the siee^.c t? wuhdnwi in orti- dmxr.cm m 
ouk-: u> release ftrst the bcittom tuit*era ior pe^^-j the top fmaeisi and men the othe; 
fSngcrv the top *trge^ u s possibl) the bottone tu^c^ and to ef.knv these to ietuni u< their 

25 onamal position und^t trie strf eerue ot the msthert fo-ce, gentra'Ad on btmaitiit tnto the 
extcnoed pci&ttion, a:>e in doing o t<- aecominodate between then the vascular wa.l tissue 
\uttoanaeie the p.issaj?t- fhts enUosiue -ciweesi ttiem can be csamptng, but t Also 
soncenahx that t'.e irge^\ pui^eture <-a.d s j^euh-r v>a 1 uasuc cjJ auahet .n tbta ^ay or 
.-•ptwna \y in cer.'binction ehtrp and pen-^tr.^e tn-- N 3uu-ni:«un$ va>catat I us\ue fee 

30 sleese also makes it e3^ier *e feed +he to t^ aeiUnatiou. that .\ tu ta> etc pt-.ssa^ tn 

wHUi tne ftMng dt;\iee u tw o« fttee. und, " >-eov<. r, at f^c tatve umv ensures ih.a: 'he 
uteai^ wttl: whtvL tlte ftx.og ,co ta *ued to the NUttoundme %aseu,ar u'.vi t-^aue, that ^ 
«o me top and hcneiii ie.^eis p> ^s.eb. suppk-rnentxtrs anchoring sreans, t>.*eiatr 
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.shielded from surrounding tissue and thus are not able to damage this surrounding tissue. 

Although it. i.s not essential, it is advantageous according to the invention if the 
bottom and top fingers extend essentially axially in opposing directions in the second 
position. What is achieved it? this way is that, the bottom and top fingers move towards one 
another in order to accommodate vascular wall tissue between them. However, it is not 
entirely precluded that the bottom and top fingers extend in the same axial direction front 
the tubular body or the sleeve arranged around the latter, in which ease it is then an 
advantage if the bottom fingers are shorter than the lop fingers or. vice versa, that the top 
fingers are shorter than the bottom fingers, so that first the one type of fingers and then the 
second type of fingers go into their first position. A corollary of this embodiment, will 
usually be that the sleeve is first partially slid off, in order then to position the fixing device 
precisely in place, and only then to slide the sleeve completely off. 

According to a further advantageous embodiment, the bottom and top fingers will, in 
the first position, extend in the radial direction with respect to the tubular body. 

According to a further advantageous embodiment, the sleeve is provided, with an end 
which is sloping or tapered or curved with respect to the axial direction thereof, in 
particular said sloping, tapered or curved end will have been made sharp close to the 
outermost end of the sleeve. What this amounts to in the. case oft.be sleeve being cm off at 
a slope is that the sloping cut runs at an angle of less than 45° with respect to the axial 
direction. This has the advantage that the sleeve can he osed in order first to cat a passage 
of suitable size at the location where the fixing device has to he fitted, or to cut the passage 
somewhat larger if it is not large enough, it should be clear that the end edge of ihe sleeve 
will be made sharp for this purpose. 

According to a further advantageous embodiment, it is possible, by, in the case of a 
tapered sleeve, leaving the central part of the tapered end of the sleeve open, to draw the 
sleeve up over a guide wire. Such embodiments are, for example, useful when producing 
SIS or ETS anastomoses or when fitting prosthesis fixing devices, cannulas or working 
conduits. The sleeve can then be used for joining end«to-side to a major vessel (this, as it 
were., produces a T-jomO in order to form a passage in the wail of the major vessel. With 
litis embodiment it can furthermore be advantageous if the ends of the bottom fingers span 
a surface which is sloping, tapered or curved with respect to the axial direction of the 
sleeve whet) the fingers are in the second position, in particular, this surface spanned by the 
ends of the bottom fingers sviil then fellow the same course as the surface spanned by the 
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sloping, upsred or curve*! end ui the sleeve 

Aeeouimg to a furthet aa\ antageons embodiment ot -he invention, tr.tf bottom und/oi 
the top -ir.&e-s can have pomted endv Such poured ends can thei provide ff- penctsation 
>f die punoundtng vascular v-h\\ oi»sue. m watch cose ix" ther pos-ontc that no elarnnsnc; 
oMhrv ^erroe.rdiua xasciaat wall «s&uo between ihe bottom and U 4 p finger** Has t.< take 
place at tivl, huch ek'nvxng however. advantageous 

-Vccordmg to a .urthet advantageous crnwdtroont, \v then first pettier, the bottom 
and Of top fmgets ocftne a tlaupa surface euendtna uumtesrupted or with mterroption*; 
around thy tubular element i'he huiieix can then h.\ a-, tt were, flange fsngeis, 'w discussed 
s;a Section X. 1 . 

7 he tixnm deuce aee>ir bag to Seenen X car. advanu^eoush be contracted m 
accoidarxe with vanous preferred erabodmieriti a,s described in Section X \. 

in die >v,ase or the fixing deuce «ceordmg to bect'C-o K ^ the terms bottom ami top 
fingers ate pnmaniv intended u< dikerer.nate between fust :uid second finger fhe terms 
bottoms and tup fingeis are certain!) not mtenced to differentiate between tinkers located a* 
a lower position and infers kcated at a hmher position with lespeu to one anomer m die 
vetticai dueetton. liuttom fmgers are in parreular unaerstood to be thg fmgeis vthseh ate 
:oet?ed closest to the fixing point on isedirit t>- the fixing point, or, .a the cave of bottom 
and top tinges,* poinirtu m opposing axta* cr.rectiOrH ta -he second oosmon, point toward? 
thu f vini' pom\ in whoit ,a.tter case the h*tiom fin^exs wdl aku pass through *be f:\mg 
point t« ordes to be able to oeeornmodate the sase^iar vub tissue '-.round the hxtnc tiomt 
between tfu bottom <mi top il't^er.-. 

SECTION 1.4 

According to a first aspect of Sections X.4, the invention relates to a vascular fixing 
device for fixing the end of a vessel 

Such vascular fixing devices are known, for example for joining two blood vessels 
end-to-end. In this case use can be made of a fixing device which is attached to the end of 
the vessel and h then coupled to a fixing device which is joined to the end of another 
vessel. However, a would also be possible to join the ends of the two vessels to ons 
another at the same time. 

According to this first aspect of Sections X.4, the ami of the invention is to provide a 
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vascular fixing device for fixing to an. end of a vessel, by means of which the end of the 
vessel cm be fixed rapidly and efficiently to the fixing device. 

According to the first aspect of Sections X.4, the aboventcntioued aim is achieved by 
providing a vascular fixing device for fixing to an end of a vessel, comprising: 

5 - a tubular body having an inner fi.an.ge formed thereon for accommodating in the 
interior of the end of the vessel; 

an outer Ilange to be located, in a fixing position, around the end of the vessel 
around and in contact with the outside of the vascular wall tissue, which outer vlange, in 
said fixing position, runs around the inner flange and overlaps the latter, the outer flange 

K! being bendabie or bent from the fixing position, against a resilient force, into a 
pretenssoned tilting position located further away from the inner flange, and the outer 
ilange, in said preteasioried fitting position, being fixable or fixed in such a way that said 
fixing can be released in order to cause the outer flange to bend back in the direction of the 
fixing position under the influence of the pretension, 

1 5 The fixing device can be fixed relatively easily to an end of a vessel by inserting the 

inner flange in the end of the vessel after d^e outer flange has first been brought into its 
pretensioned fitting position. The fixing of the outer flange is then removed and the outer 
ilange is allowed to return to its fixing position under fee influence of the pretension in 
order, in said fixing position, together with the inner flange to damp the vascular wail 

20 tissue located around the end of the vessel. With this arrangement the inner flange can be a 
rigid inner flange. The inner tlanye can be, for example, a cylindrical body, in which case 
the tubular body with inner flange formed thereon can be referred to as a single cylindrical 
body. The end of die vessel mtist. then be slid over the rigid inner flange, the external 
diameter of which will then preferably be approximately equal to or smaller than the 

25 internal diameter of the end of the vessel 

In order to facilitate the insertion of the inner flange into the end of the vessel it can. 
according to an advantageous embodiment of the first aspect of Section X,4. be 
advantageous if the inner flange is bendabie or has been hem from the fixing position, 
against a resilient force, into a pretensioncd fining position located a greater distance away 

30 from the outer flange and if the Inner ilange ts fix able or has been fixed -n said 
pretensktned fitting position in such a way that said fixing can be released in order to cause 
the inner flange to bend back in the direction of she fixing position under the influence of 
fbe pretension. With this arrangement the functioning of the inner Gangs is essentially the 
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same as that of the outer flange. 

According to an advantageous embodiment of the ilrst aspect of Section X.4, the 
outer flange, arid optionally the inner flange, will have been made from a superelastic metal 
alloy of an alloy with a shape memory which has been activated/can be. activated by heat, 
5 such as a nickel-titanium alloy, tor example nitinol. Using an outer flange, and optionally 
an inner .Gauge, made from such a material it is possible to bring said flange from the 
axing position into a iitiiag position and to freeze the flange concerned in said fitting 
position. The frozen position can then be released by heating die flange concerned to above 
a certain temperature. This temperature can very well be in the region of the body 
HI temperature, for example approximately 38° to 40\ or even lower than the body 
temperature. 

According to a farther advantageous embodiment of the first aspect of Section X.4. 
in the fitting position die outer flange extends in a direction essentially opposed to that of 
fee inner flange and the outer flange is fixed or is fixable in said fining position by means 
15 of a sleeve in which the outer flange is accommodated. By subsequently sliding off or 
otherwise removing the sleeve, the outer flange is then released and is able to snap back, 
tor example through approximately 180°, into a position running parallel to the inner 
flange, in which position the outer flange and the inner flange together clamp the end of the 
vessel. 

20 A fixing device for producing an ETE anastomosis ( where two vessels are joined to 

one another end-to-end) can be implemented advantageously according to the ilrst aspect 
of Section X.4 if the fixing device comprises two of said inner flanges* which extend 
essentially in the extension of one another, and two of said outer flanges, which in fee 
fitting position are essentially located transversely with respect to the inner flanges with the 

25 outsides facing one another. With such an embodiment the outer flanges car. be held in 
their fitting position by means of a mechanical fixing, for example if the fixing device 
comprises a U-shaped annular element opening towards the middle, in which the ends of 
the outer flanges can be accommodated or are accommodated in the fitting position. 

According to a further advantageous embodiment, a fixing device cars, in accordance 

30 with the first aspect of Section X.4, be fixed to another blood vessel If the tubular dement 
is provided ail round with suture passages. 

According to a second aspect of Sections X.4, the invention relates to a fixing device 
for fixing in a passage surrounded by vascular wail tissue. 
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Vwmc devices of this type ate needed, for esairole, to produce a * called FT*? 
m^omoMs, lor fixmg a porta in a vessel waK vr a cannula, wording conduit t r othet 
iype K-f surreal or medical instrument or vmnlant to ha inserted via the vessel wail, or as a 
couphm. piece for a cannula os \sorfem< eondict Fixing Ibices of thts t)TS ir accordance 
5 %vith try; mventior can also he useful &-r seahnc undcsired cavities, passages- or 
co'trteotuw m a \ esses wall o; hollow organ. such as. for example a Hole tn the amum or 
ventricle septum, 

'I he aim ot fee invention according to this .-second aspect of Sedan X 4 $3 xo provide 
a fixing dev.ee for fixing in a passage stmouoded bs vascular ail tissue, which fixmp. 
10 i ;\ iet? can he ikied easih . rapidly and reliabH 

To this end the invention in accordance wits the seeona aspect of Section X.-* 
piovdes a fixing devn.tr tor fkmg m a p'^\at?e surrounded tw saseniai will tissue, 
comprising: 

a tubular dement that delimits a passage . 
15 - an outer tlange on fee tubular element to ,ome into contact, at the access side of the 
passage, witii the ■vascular wall tissue surrounding fee pa. Jage, 

an snner tlange made up o* hnet fiange segments, 
wheretn each tnret tlange sefmert '-s arranged on an arm, one end ot wh-eh ts attached to 
the tubuiar e'emcnt „n a manner which <dow$ swinging about a hinge a\t^ s-uch a? via a 
20 I old line or bending line, and 

wherem ihs. anna and fiaiue egraems ase movable, by ssMimmg about fee hmge 
ax %t . f"i» v n :ai mserUui position, located e^s^ntiilh v-nhr. die outline of ;he passage, mto a 
ixmg position tn which the miter ftonge segments, overlapping the outer ilange. ein come 
v,or.tavt. on d.at bide ot the passage vduen laces awa> from tK access side, with fee 
25 vaseolat ^al! tissue surrounding fee passage 

1>e aeeet-s side n- un>k-i flood to he th.v sioe >d s nV siscuiar «,all tissue nom when 
the passage th'cir ss approached. In thv ease o. a bhi J ses^el ths v,an He eitpe: the msid? 
or iH outside 'Hie fixing device is i nought mte rvsnion by utmgir.ij fee oater ilarvtt of the 
o'x.n.g device, from the access suie. nito osnMc? wnb ths. \asciuV wail tissue aiuu'ta fee 
30 \ ^nvi- t-j,d feen in* -si as me jibs vshh mice ftaogc segment bom fee in^eraor. resitton 
mio the fixmu position lit the t'xuu po,?i{.o:i die vascular ^ all tissue suiioursding tie 
passigo wtH men be clampvd Setv^eto the nmer fango se^metUi ara f hc outer flange %\*Jti 
•Jus aitao^ernent .t is vtip,' seadds coneeivabk that the uine- il^'S sesjmcrts, or pans 
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thereof, also peneirate the vascular wJA tissue. This can be useful, in particular nuh a vtevs 
;o drm anchoring v\ uh this arrangement the arms with mmr flange segments ran he 
bioaghx mto their fuiug jvsitiOn by exerting a force on tne arms, rot example hv pi easing 
an annular ot tubular umdn between t'„e sinns wiih umef 'lange segments 5>neh <±« annuia: 

5 or tubular article can be, ioi example, a cmmnSa, an ohtisrarot vao to be placed m fee fixing 
device 01 the end or a vessel which i\ to K Coined, to the fuuig aevue and is twaled with 
rurthet f.xtng device The arm? with ilange segments can, however, also haw been bent 
mwares into their msert'on position against a resilient fonx and amomatiealiv return to 
thes; fixing posuion after the uxmg is removed buch a ilxmg can be a mechanical 

10 unrjedtintrnt. such as a \-utun. or ligature Mr-etched around the arms with flange semutmts Ix 
can also be highly advantageous to snake the amy and mner flange segments, us at least fee 
arms, from a super/elastic meud allov <-r an allov wnh shape memory which has been 
activated or can be activated by heat, sucn as a mcke--t«anium allov, for example mtmol 
A," has already been indicated a^ovc m connection with fee first aspect of Section X,4, the 

15 arms with inner flange segments arc then able automatically to reran* to then fixing 
posmon from a freezing position after this has been cancelled, for example by heating fee 
arms v^th mner flange segments t-f a cenam temperature. 

In order to prevent a further construction to be o, uneeted to a fixing device, which 
raa» <j- rrav ru t Jr*\«.v uave 1 »e*» irn anteu, ^mn *e v ed v oo oXepH throuir toe i'xmg 

20 -k\ tee. ,t is advantageous in accordance vdtn the second aspect ..according to Section X.4 il 
the kmolir element t\ pioshkd w-'th a louer hruit m order to prevent a prosthe^a such as 
an ubtutator cap or vascular prosthesis or cannula, placed in fee tubular element after 
implantation ot tht- iking device, ttom detaching from the tubular element m the 
downward direction. In order to prevent the leather construction detaching rrom a fixing 

25 device m the opposite duectton. H ( a advantageous it fee itxtng device U provided with a 
top ele-iusc m order to prevent a piO-:thesiS. such as an obturator cap or vasea'ar prosthesis 
oi omnaia. placed ,n fee tabula: element aster implantation of fee fixing oevsce, irom 
detachmg from tho tubuiar element n the upwatd dmxuon "msw tne second aspect ol 
section Xa m pametiLa ts a more detaded embodmtent of the invention according to 

30 Section X.J, the special embodiments outlined su that ^oenor ai?.> constitute ^-rbl 
embodiments of tie tmi-ranT. viceotdtmi w iae second aspect oi'Scetion X 4 



fhc present insenuon ^vtd be expttmed sn r.»ore aetad helovs wth ;vtet^nce to 
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illustrative embodiments shows diagTammstically in the drawing. In the drawing: 



SECTION 2.1. 

5 Figure ! shows a diagrammatic, perspective view of a first embodiment of a cardiac 

prosthesis fixing device according to the invention, me bottom flange being in the second 
position in Figure ia and the bottom flange being in the first position in Figure lb; 

Figure 2 shows, diagrammatical!}- and in perspective, a second example of an 
embodiment of a cardiac prosthesis fixing device according to the invention; the bottom 
10 and top flanges being in the second position in Figure 2a and die bottom and top flanges 
being in the first position in Figure 2b; 

Figure 3 shows a third illustrative embodiment of a cardiac prosthesis fixing device 
according to me invention, which is integrated with a two-cusp heart valve prosthesis; 

Figure 4 shows a diagrammatic, perspective view of a fourth embodiment of a 
15 cardiac prosthesis fixing device according to the invention, it being possible tor a two-cusp 
heart valve prosthesis with annular or cylindrical housing to be mounted as a separate 
component in the cardiac prosthesis fixing device according to the invention: 

Figure 5 shows a diagrammatic view of a filth embodiment of a cardiac prosthesis 
fixing device according to the invention, it being possible ro attach a biological heart valve 
20 prosthesis, which may or may not have a stent, to the cardiac prosthesis fixing device by 
suturing; 

Figure fi shows a sixth example of a variant of a cardiac prosthesis fixing device 
according to the invention and specifically shows an annular prosthesis for repairing, and In 
particular constricting, a leaking heart valve, such as a mitral valve; 
25 Figure 7a shows, diagrammatical!}-, an exposed view of the wave-shaped annuity of 

an aortic valve; 

Figure 7b shows. diagrammaticaUy, a wave-shaped annuius of an aortic valve laid 
out in a fiat, plane; 

Figure ?c shows, highly diagrammatical!}', a seventh embodiment of a cardiac 
?0 prosthesis fixing device according to the invention; 

Figure 7 shoes', highh d-agsammatjcails . an eighth embodiment of a cardiac 
prosthesis fixing device according to the Invention; 

■ jgure X .5 d>agrarmKUk" cross seat n of t\w duAth of further variant 
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embodiments of a cardiac prosthesis fixing device according So the invention; 

Figure 9a shows, diagrammatical ly and in perspective, a ninth embodiment of a 
cardiac prosthesis fixing device according to the invention; 

Figure % shovvs, cuijit amriureaUs and in perspective, a vnth cmbodimenr oi a 
5 cardiac prosthesis fixing device according to the invention; 

Figure <>c shows, in cross-section, a diagrammatic detail of an. eleventh embodiment 
of a cardiac prosthesis fixing device according to the invention; 

Figure 9d shows, in diagrammatic cross-section, a detail of a twelfth embodiment of 
a cardiac prosthesis .fixing device according to the invention; 
10 Figure JO shows, in perspective, a detail of a thirteenth embodiment of a cardiac 

prosthesis fixing device according to the invention; 

Figure J J shows. diagrammatical!}', a fourteenth embodiment of a cardiac prosthesis 
fixing device according to the invention, where Figure J J a shows the cardiac prosthesis 
fixing device in a position suitable for fitting, that ts to say bringing into position, inside 
1 5 the annul us of a heart valve and Figure 1 J b shows the same cardiac prosthesis fixing 
device after removal of the fixing means for fixing the bottom and top flanges in the 
second position; 

Figure 12 shows a diagrammatic, perspective view of a fifteenth embodiment of a 
cardiac prosthesis fixing device according to the invention; 
20 Figure 1 3 shows, highly diagrammaticaHy, as a detail a way in which in particular the 

bottom flange, but if desired also the top flange, can be brought back from the second 
position Into the first position using aids. 

Figure 14 shows a diagrammatic longitudinal sectional view of a mitral valve 
prosthesis device according to the invention; 

25 

SECTION 2.2 

I is I s vo^s a .o n.Ji a) actional Me^ 5 -n ^i.e 4 - *- Cvtng dv.u... awarding to 
.hv i c cr jo . i v .x\tors ? ano ai.arc.ac psos *k*m^ urn >vu be LxuC here." i .ops 
30 F b Pa \ho<.\o . dof at t in v "\c I - vhov »njL ... pi, presided oi utr t. tht. 

insertion oossUom 

iv 1-0 snow , me ^ne (tea U\ k„ V '* * .ne «»n i c\ acv at an a»n« 

so tne fixing position: 
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Figs 1 6a and 16b show, as a derail corresponding to Fig. 15a and Fig. 15b, 
respectively, a variant of the prosthesis fixing device according to the invention; 

Figs 17a arid Vh show in a manner corresponding to Fig? 15a and 15b. respectively, 
a further variant of a prosthesis .fixing device according to the invention; 
5 Fig. IS show*, as a detail of a sectional view in a manner comparable to that in Figs 

\ 5a and 15b, yet a further variant of a prosthesis fixing device according to the invention; 

Fig. 19 shows a longitudinal .sectional view of yet a further variant of a prosthesis 
fixing device and, in plan view, an auxiliary element for swinging out the amis wife pins; 
Figs 20a and 20t> show, as a detail comparable with the detail in Figs 15a and J 5b, * 
1 0 cross- sectional view of yet a farther variant of the prosthesis fixing device according to the 
invention, vascular wall tissue also being shown in cross-section; 

Fig. 21 shows an opened-up inside view of yet a further variant of the prosthesis 
fixing device according to the invention; 

Fig. 22 shows part of a cross-sectional view of yet a further variant of a prosthesis 
1 5 fixing device according to the invention with a cardiac prosthesis locked therein: 

Figs 23a and 23t> show, as a detail corresponding to Figs 15a and 15b, respectively, a 
variant of the prosthesis fixing device according to the invention; 

Figs 24a and 24b show, as a detail corresponding to Figs 1 5a and 15b, respectively, a 
variant of the prosthesis fixing device according to the invention: 
20 Fig. 25 shows, diagrammatical!}', an application of the prosthesis fixing device 

according to the invention in a vascular prosthesis. 

SECTION 23 

25 Fig. 26 shows, diagramroatically, as a detail {approximately the left-hand half of) a 

longitudinal sectional v-ew of a first embodiment of a fixing device according to the 
invention; 

Fig. 2? shows, diagraramaticaUv. us a detail (approximately the left-hand half of} a 
longitudinal sectional view of a second embodiment of a fixing device according to the 

Fig. 28 shows, diagrammatical!}, as a detail (approximately the left-hand half off a 
longitudinal sectional view of further embodiments of fixing devices according to the 
invention; 
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: m 29 >*howt>, aagiammatAah\. a d^rad t approximately th: leu-ha^d halfof! a 
'ongttudinal oeeuonai \iev. oi >c-t a tnrther en-moatmcr-a t.f a M N< «g Juvsce accruing to the 
invention; 

hg 50 '.Hews. Jagjamir.atic.flK, c\ a dotal. ^ippK-Mr^tto \ 'tie toVhacd ha i oft a 
s tongjiadmai \eUiO iai \ tev, of \e v ianhei embod>;nent ot i ri\mg aevee aux*td<n</ to the 
mvesinon; 

Fit* sho^s, raagrTt)ni'JKadv, . h>ng>;udmv»; -.corona! uaw ot >et a iurire- 
craooumtem ot a ;h)!is; device aceorung t,' the imtwtnr. 

Hs' i2 showv diagram ra'icalK as a deutC ,appto<unaieU the eft-haiic* h&F of * a 
10 longttadirai sectional \:«\*. » i * >ct a futlnei embodiment oi a tA ng oeuce aceordng to the 
invention. 



SECTION 2,4 



15 Fig. 33 .-shows. diagrammatical!) . aa a detail, tappxoxtinateiy the left-hand half ot) a 

longitudinal sectiona 5 view ot at embodiment oi a frvmg de\iee according to ite first 
aspect of section X.4; 

Fig, 34 sho^s. dtagiamniaueaily, a\ a detail, (, pnn>v matt iy the left-hand half of) a 
^ngsiodmal sec«or;al view of a further «nibo(iim*.'ni ot a rtxmg device according to the first 
20 aspect of Section X.4; 

Pig. 35 shows, auigramrsiattcaily, as a detail, iappxoxnnately the left-hand half oil a 
longitudinal sections! view of a further embodiment of a fixing device according to the first 
aspect of Section X.4; 

Fig, 36 shows, diagrammatical!)-, as a detail, (approximately -he left-hand half of) a 
25 longitudinal sectional view of yet a further embodiment of a fixing device according to the 
first aspect of Section X.4; 

Pig. 37 shows, dutgrammatkaiiy, as a detail, (approximately the left-hand half of) a 
longitudinal sectional view of an embodiment of a fixing device according to the second 
aspect of Section X.4; 

30 Fig. 38 shows, diagrammatical!)-, as a detail, \ approximately the left-hand half of) a 

ionghndiaai sectional view of yet a further embodiment of a fixing device according to the 
second aspect of Section X.4; 

fig. 39 shows, diagrammatical!}-, as a detail, (approximately the left-hand half of) a 
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longitudinal sectional view of a tusi embodiment according to the third aspect of Section 
X.4; 

Fig. 40 shows, diagrarnmaticaiiy, as a detail, (approximately the left-hand half of} a 
iondtodina! sectional view of yet further embodiments of a tixing device according to the 
5 third aspect of Section X.4; 

Fig. 4 i shows, diagrammatical ly, as a detail, (approximately the left-hand half of) a 
longitudinal sectional view of yet a further embodiment of a fixing device according to the 
third aspect, of Section X.4; 

Fig. 42 shows, diagrarnmaticaUy, as a detail, (approximately the right hand half of) a 
10 longitudinal sectional view of a further embodiment of a fixing device according to the 
third aspect of Section. X.4; 

Fig, 43 shows a diagrammatic cross-sectional view of a first embodiment of a fixing 
device according to a fourth aspect of Section X.4; 

Fig. 44 shows a diagrammatic cross-sectional view of a farther embodiment of a 
1 5 fixing device according to the fourth aspect of Section X.4; 

Fig. 45 shows a diagrammatic cross-sectional view of a further embodiment of a 
fixing device according to the fourth aspect of Section X.4; 

Fig, 46 shows a diagrammatic cross-sectional view of a farmer embodiment of a 
fixing device according to the fourth aspect of Section X.4; 
20 Fig. 47 shows, diagrammaticaHy, a plan view of an embodiment according to a firth 

aspect, of Section X.4; 

Fig. 4S shows, diagrammaticaiiy, a plan view of a further embodiment according to 
the Fifth aspect of Section X.4; 

Fig. 4$ shows, diagrammaticaiiy. a detail view and radial sectional views of an 
25 embodiment according to a sixth aspect of Section X.4; 

Fig. 50 shows, diagrammaticaHy, radial sectional views of a further embodiment 
according to the sixth aspect of Section X.4; 

Fig. 51 shows, diagrammatical ty, axial sectional views of embodiments according to 
the seventh aspect of Section X.4; 
30 Fig. 52 shows, diagrammaticaHy, an axial sectional view of embodiments according 

to the eighth aspect of Section X.4; 

Fig. 53 shows, diagrammadcaiiy, an axial sectional view of an embodiment 
according to the ninth aspect of Section X.4; 
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SECTION 3,1 

Figure 1 shows a cardiac prosthesis fixing dev-cc ;n accordance with the invention, 

S intended for fixing a heart vaive prosthesis, also referred to as a heart vaive fixing device, 
Said heart valve fixing device 1 0 consists of a tubular element 1 1 having a so-called 
bottom flange 12 and a so-called top flange 13 The top tlange 13 extends in at) essentially 
radial direction aad is uninterrupted in fee peripheral direction of the tubular element II. 
Said top flange 13 h permanently in the so-called first position, is essentially rigidly joined 

10 ro the tubular body 1 1 and thus cannot be bent with respect to the tubular element 11. The 
bottom flange 12 is made up of a number of bottom flange segments 14, which are 
separated from one another by incisions 15. The bottom flange 12 thus forms an interrupted 
flange extending in the peripheral direction of the tubular element 11. In Figure la the 
bottom flange 12 is shown in the so-called second position, which is also referred to as the 

15 extended position, in which the bottom flange 12 when projected on a diametral cross- 
sectional surface of the tubular body 1 1 is located on and/or within the circumference of 
fee tabular body 1 1 . The bottom flange 12 is fixed in said second position, for example by 
making it from a so-called memory metal, the bottom flange 12 then being frozen in the 
position shown in Figure la after it has been bent, against resilient .force, from the radial 

20 position shown in Figure lb into the second position shown in Figure la. However, it is 
also very readily conceivable that the bottom flange 12 has been bent from the first position 
shown in Figure ib into the second position shown in Figure la and has been fixed in said 
second position by means of a fixing suture, which is not. shown, for example a suture as 
shown in Figure 12. The second position of the. bottom flange 12 makes it possible fertile 

25 heart valve fixing device 10 to be fed in accordance with arrow 16 to its destination and for 
the bottom flange 12 to pass through the annulus 18 during this operation, which annul us 
\H is located on the inside of a blood vessel 17 or heart. After the heart vaive fixing device 
10 has been brought into the position shown in Figure la, fixing of the bottom flange 12 in 
me second position can he released, after which the latter is able to return to the first 

30 position shown in figure lb under the influence of the resilient force, in ibis first position 
the bottom flange 12 and the lop llange 13 enclose the annulus 18 so as so clamp it. The 
closure between the tubular element 11 and the annulus 18 can, in particular, be improved 
by providing the outside of the tubular body 11 with a concavity 19 extending in the 
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circumferenual direction of the tabular body. 

Figure 2 shows a .second embodiment of a heart valve fixing device according to the 
invention. This second embodiment differs item the first embodiment in Figure i 
essentially in that in the case of the second embodiment the so-called top flange can also be 

5 bem from a first position (shown in Figure 2b) into a second position (Figure 2a) against a 
resilient force in order to position the heart valve fixing device, where, in said second 
position, the top flange, or at least -he projection thereof on a diametral transverse surface 
of the tubular body, is located within and/or on the periphery of the tubular body. In 
accordance with Figure 1, in Figure 2 the blood vessel or heart is again indicated by 17 and 

10 the annulus by 18. Since a substantial proportion of the heart valve fixing device 20 is 
essentially identical to the heart valve fixing device 10, corresponding reference numerals 
increased by 10 are ttsed for the heart valve fixing device 20. Although it is not necessarily 
identical, the top flange 23 in the embodiment according to Figure 2 is essentially fee sane 
as the bottom flange 22. The top flange 23 is made up of flange segments 28 which t^re 

15 separated irom one another by incisions 27. The heart valve fixing device 20 can be fed in 
accordance with arrow 26 to Its destination, after which the fixings of the bottom and top 
flanges can be released and the bottom and top flanges are able to assume their outward- 
pointing position, shown in Figure 2b, under the influence of the resilient force. Fixing of 
the bottom and top flanges in their second position can have been produced by making fee 

20 heart valve fixing device 20 of memory metal and freezing the bottom and top flanges in a 
pretensioned, a.s it were extended, position shown in Figure 2a. On raising the temperature 
to above a specific threshold value the bottom and top flanges will then return to their first, 
ouftvard-pomtmg position shown in figure 2b. The bottom and top flanges can, however, 
also have been fixed in their second position by means of a suture drawn around them, for 

25 example the suture as shown In Figure 12. However, a sleeve as shown in Figure 1 1 can 
also be used for this fixing. The embodiment of the heart valve fixing device according to 
Figure 2 has the additional advantage over the heart valve fixing device 10 in Figure 1 that 
as a consequence of both the bottom and the top flanges being in the second position while 
the heart valve fixing device is brought into position said device is movable with some play 

30 S or at least relatively unimpeded, through the blood vessel 1 7 or heart. 

Figure 3 shows, diagrammatical!) 1 , a heart valve fixing device 30 with a two-cusp 
heart valve prostheses integrated tU-rem. Smce. except tor the integration of the two-cusp 
heart valve prosthesis therein, the heart valve fixing device 30 is bioadly the same as the 
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hoait valve fixing devuv 20 iu H?a-e the same i defence mmu-uus, merea^ed by U', 
nave hccn used for e v 1 rre apon d me components The 'tvreeaatea heart valve prosthesis h&s 
two \ ah e cusps which can be totaled about <a eonunon a\;s > 'flotation 

1 satire 4 ^hows o tutlner vacant t f a h^art vaiu ft atu device 40 aecurairg 'o tlx 
5 -nveivhon Said heart sa ve fixing device 40 e^nntatlv. consists o. a tubular element 4! 
whkh ha.- a bottom flange -P ard top fringe 4\ berS ^wincn ate shown m the xo-eaUed 
th>t pos'iion However, :t w-sll tie >aeat that the bottom fanre 42 can also assume a so- 
caltea second posraou, vdidst tlus is an optional possibtihv tot t^e Top flange 43. Hgurr 4 
also <ho\v* hean valve prostneais 44 consisting oi a r.ru; -*5 with two valve csiw 4o 
lo wbteh can be rotated .*bout a common axis, which heat- valve piot4nesis s§ to nc coruideied 
aa conventional per se although u has been modified .somewhat tr connection with the 
present mv^ntior The :mg 4f> can be accommodated mside the tubular «ler."-e:tt 41 such 
that it tits ttghtSv. Deviating frum the conventional. v wo promotions 4 7 diametral!) opposite 
one another aie piuvidad on the oat.side «-f the nr.fi 45 Said projections 47 can each b? 
15 accommodated m a loiig.tudinai slot 48 in the interior of the tuhtdar element 41 The 
kuuutadhiui s ? ots 48 terminate in a peripheral groove 49. in which the pro'Cettoru* 4^ can 
likewise be accommodated in this van the valve piosthesiv, 44 js taxable by ^ sott of 
bavonet mime *n the tubular element 41 axvi, moreove;. can be turned in the tubular 
demem 41 m order to be able to position the vatve ptc-rhests 44 correctly as required > f 
20 the c.*eutn;>tanees When the valve prostrie^s 4a has oeui positioned In its eonect position 
it car. be loektd with tespv-et to the tabula: element ni.;r.& means which are r.ot shown, 
such <ia, for example, the locking screw or some other means. 

In contrast to what :s com entiona* tt is poSM&^e according to this invention, as n-a> 
easd<- be aeen tioin Figure 4, *o provide an a.ssemhl> ot bean valve fixing device 40 ana 
v'j>ive prosthesis 44, -n which <.a*e durmu unplatTtaiton the neatt vahe tixtng lev tee 40 is 
fiiat positumeci and t:xe 1 to the annul os and ontv then ;i the \atve prosthesis 4a po^it-oucd 
and fixae. -n the heart «.ulve ti-.t'v device 40 lu order to make <nch a vahe prosthesis 
aviembh pospib e at a late: date, moaitkations ro :he c>-r.verac-n^. are icquired Thus, 
aecctdniu to the indention the ioliowui!:; can be presided 

tsoine fi-rm ot bottom st^p. .such as a e.'ip nde.;- lormed on the jns'dc And at the 
boitom o: the tubular e.emt.-aT 41. ^inci t>tup ndge pie^ents the valve prognosis tiom 
bein^ able to r>e(-omc detacheu troir the tubular esemart .n th.? dovMiward dtrecf on; 
and hi 
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some form of top ciosuic. «*uch <s^ a tapping uug oi resmeut snap-fit i»ps, which 
prevents (prevent) the valve prosthesis from being able to become detached from the 
tubular element in the upward direction; and/or 

interacting means on, on the one hand, the inside of the tubular element and, on the 
oiher hand, the outside of the vaive prosthesis housing, which means, for example, 
provide for axial enclosure of the valve prosthesis in the tubular element and/or, for 
example, allow rotation of the valve prosthesis in fee tubular element, such as, for 
example, interacting screw threads, a bayonet fitting, snap-fit means, etc. 
Figure 5 shows, as a further embodiment, a heart valve fixing device 50 according to 
die invention. Said heart valve fixing device 50 comprises a tubular element 51, a bottom 
flange 52 and a top flange S3. A ring of suture passages 54 has been made in fee tubular 
element 51. An animal or human donor heart valve prosthesis 55, which may or may not 
have been provided wife a stent, can he fixed in this heart valve fixing device 50 by means 
of suturing. The suture 56 can be inserted and threaded through the suttire passages 54 and 
the lower section of the prosthesis 55. hi this case the donor heart valve prosthesis 55 can 
consist of a blood vessel section in which an original heart valve is still present. 

With reference to Figure 5 it will be clear feat fixing of fee biological donor heart 
valve prosthesis 55 to the heart valve fixing device 50 can also take place prior to 
positioning fee heart valve fixing device 50 in the heart, furthermore, it is possible to 
secure an animal or human donor prosthesis, such as no. 55 in Figure 5, to the prosthesis 
fixing device according to fee invention by means of a locking tie or ligature. For this 
purpose the tubular body could be extended beyond one of the Ganges, it then being 
possible to insert the extension m a donor prosthesis 55 and to tit the locking tie or ligature 
around fee overlapping section of extension and donor prosthesis. Furthermore, it is 
possible to fix fee biological valve between one or more flanges to the inside of or on top 
of the tubular element. It is also possible to fix a flexible ring to the bottom of the 
biological valve, which ring is clamped in a recess in the inside of the tubular element. 

Figure 6 shows an example of a cardiac prosthesis fixing device 70 in the form of fee 
so-called ring prosthesis for narrowing the diameter of fee opening of a leaking valve. In 
practice an operation of this type is mainly carried out on mitral and tricuspid valves, 
although it could optionally also be carried out on other heart valves. The heart valve Fixing 
device ?0 consists of a tubular element 71 which is bean-shaped in the peripheral direction 
hut is not completely closed, as can be seen at 75 in Figure b. The tubular element ?; is 
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provided with a highly segmented bottom flange 72 and a highly segmented top flange 73. 
The bottom flange 72 is made up of bottom fiange segments 74 arranged relatively far apart 
in the peripheral direction and associated top flange segments 78. The tubular element 7! 
can optionally be a ring which is closed in the peripheral direction. 

Figure 7 relates in particular to a so-called aortic valve. By way of illustration. Figure 
7a shows an exposed, perspective view of the wave-shaped annulus of the aortic valve. In 
this figure, 17 indicates fee aorta wall and 18 the aorta annulus. 

For further illustration, Figure 7b shows, diagrammaiicaHy, the wave-shaped annulus 
80 of an aoriic valve laid out in a flat plane. This view can he regarded as a view of a 
section of the aorta which has been cut opes in the longitudinal direction and then has been 
iaid out in a flat plane. The horizontal line a in Figure 7b indicates the height of the peaks 
of the wave-shaped annulus SO, which are also referred to as the commissures. The 
horizontal line c indicates the depth of the Houghs of the wave-shaped annulus 80. The 
horizontal line h indicates the height of the origins of the wave-shaped annulus 80. As may 
be seen from Figure 7b, fee wave-shaped annulus 80 of fee aortic valve is to be regarded as 
a sine wave-shaped annulus with a length of 3 wave periods. The start and end points of the 
sine wave-shaped annulus 80 in Figure 7b are each indicated by 81, since these are in fact 
the same point in the annulus 80. that is to say the point where the latter has been cut 
through for the purposes of the flat extended representation. 

Figure 7c. shows, as a further illustrative embodiment, a heart valve fixing device 90 
which in particular is suitable for fixing an aortic heart valve prosthesis. The heart valve 
fixing device 90 consists of a tubular element 97 with three types of bottom flange/top 
flange pairs arranged distributed over the periphery thereof. Bottom flange/top flange pairs 
9 t . 92 are provided at the height of the level line a (corresponding to the level line a in 
Figure 7b) .for clamping the commissural of the annulus 80. Top flange/bottom flange pairs 
95, 96 are provided at the level line c (corresponding to the level line c in Figure 7b) for 
clamping the troughs of the valve annulus 80. Bottom flange/top flange pain 93, 94 are 
provided at fee level line b (corresponding to the level line b in Figure 7b) for clamping the 
origins of the wave-shaped annulus 80. Viewed in the circumferential direction of the 
tubular element 97, the flange pairs 91, 92 axe arranged 120 s apart, the flange pairs 96 and 
95 are arranged 120° apart and the flange pairs 93, 94 are arranged 60 c apart. Although in 
general 12 flange patrs 91, 92. 9').. 94, 95 and 96 will preferably be used, an arbitrary 
combination of flange pairs at levels a, b and c can be chosen depending on the 
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circumstances, which can be highly paiieni-dependenL 

Figure 7d shows a highly diagxamrnatsc representation of a further embodiment of a 
heart valve fixing device, specifically a heart valve fixing device 100. Heart valve fixing 
device J 00 is somewhat similar to heart valve fixing device 90 in Figure 7c. Heart valve 

5 fixing device 100 consists of a tubular element 101, a bottom flange 102, to be regarded 
more or less as continuous, ami a top flange U)3. to be regarded more or less as continuous. 
As can be seen, the bottom flange 102 and top flange 103 follow a sine wave pattern over 
the circumference of the tubular element 101. Since, certainly in the case of '.he bottom 
flange and optionally also the top flange being bendable between a first and a second 

10 position and vice versa, this is less easy to achieve In practice with a flange extending 
continuously over the cireimtretence of the tubular clement 101. the bottom flange 102 and, 
where appropriate, the top flange 103 will have been mads essentially discontinuous by 
means of, lor example, radial incisions. 

lite embodiment according to Figure ?d offers the major advantage drat a good seal 

1 5 on the sine wave-shaped valve annulus of an aortic valve can be ensured to a large extent. 

By way of illustration, Figure 8a shows, as a detail, the damping/enclosure of the 
annulus 18 according to Figure lb. It can clearly be seen from the detail in Figure 8a that 
the tubular body can have been provided on its outside with a concavity 1 9. which ensures 
a good seat on the annulus 1 8. Figure 8b shows a variant of Figure 8a, The tubular body is 

20 indicated by 111, the top flange by 1 1 .1 and die bottom flange by 1 1 2. Figure Bb shows that 
the concavity i ] 9 continues into the bottom and top flanges. With this arrangement the top 
flange .1 O and bottom flange ] 12 can each be bendable into a so-called second position. 
As is furthet illustrated in Figures 8a and 8b, fee bottom aid top flanges can have been 
provided at their periphery with fingers or pins which pierce the tissue behind and/or 

25 adjacent to the annulus. 

Figure 9 shows a number of embodiments with which the inner and outer flanges are 
formed by fingers arranged on support arms, the suppott arms diernseivcs being bendable 
in order to be able to bend the top and bottom flanges between a first and a second 
position. 

30 Figure 9a shows a tubular body 121 which has a number ot top flange fingers 123 

and bottom flange fingers 124 toniy two of each type ate .shown but m practice several of 
each type will have been provided distributed around the fenr*her> >. Ine u«p flange fingers 
123 are arranged on arms 123 and the bottom flange ringers 124 are arranged on arms 126. 
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On fee left of Hgure 9a me heat valve fixing device 120 is shov>n with the bottom and tup 
flange \hv^x$ in the so-called second postuoa and on the tight m Hgure 9a the heart valve 
fixing device 120 id shown with the bottom and top flange fingers ?n the so-called first 
portion I:' tlx arms 125 and top flange fingers 123 aje of <.qu*d length and me arms 12o 
and bottom flange timxrs 124 ate of equal length, the arras 125 and 126 w»H have to be 
hem through at least -15° m order to move tht. bottom fiargc fingers and tap tlange fingers 
between tUe first and -be second position. 

Hgure 9b shouj, a variant of Figure 9a. Corresponding components are indicated in 
Fsgam 9b using the reference niauetai nom b-gmc 9a pms 10 In order to move the bottom 
tlange fingers 134 and top flange fingers 132 from die so mailed second position .shown on 
the left, mto the so-called first position, shown oa the right, the arms 135 and 136 must 
bene back through l XK under tne mnucnee of resilient force. What is achieved by allowing 
the bottom rlange tinges H4 and top flange fmaers 133 t>> point towards! one another 
obliouelv m the so-called first position is that said fingers are able to pierce the tissue, :n 
particular the valve annate, and thus further tlx the heart valve fixing device 130. 

Figure 9c shows a further variant of Figure % and 9a, Compared with Hgure 9b the 
reference numerals tor corresponding components have again neen increased by Kl The 
heart valve fixing dev-ec 140 ia Figure 9e diiYers from the heart valve fixing device 120 ir. 
figure 9 4 essentially m that the support arms 145 and 146 point inwards at 45* vuih respect 
■o the tubular element 141 m the so-eailed first position .aid point outwards at 45° v-uh 
resoeu to the tabular element m the so-called second portion The embodiment according 
to Figure 9c wf h Jti particular, be advantageous in me case ol a more pronounced annulus 
For a less pronounced, relatively fiat annulus or in a bis sod vessel (without annuiusi the 
preference x«U be tor the ^mbotrments according to Figmes 9j, 9b and Figure 9d, which is 
to be discussed below. 

Hgure ^1 shows yei a further variant of a heart valve fixing uevice 150. 
corresponding components again being indicated by reference numerals increased by 10 
compared with those used in Figure 9c. The difference compared with the embodiments 
according to Figures 9a -9c is that ia the ease of the heart valve fixing device 150 
according to Figure 9d not omy the anus 133 and 156 but also the bottom flanges 154 and 
top flanges 153 are bent with respect, to the tubular element 151. Bottom flange fingers 154 
bend towards the associated support arm 156 under the influence of a pretension when 
moving from the so-called second position, ion the left) to the so-caikd first position ton 
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me nghn The same also applies :r tlxo case or the top fiangt, finger 15i, which bends 
■ouatds the support arm '.55 durmg movement. 

Figujo H) shows .1 ticisisl o( d hear*, valve r.1x:ng detkv 160 ??a?d heart \ahe fixing 
desu^ .00 t,ouaists of a tuennat Me:rsem \*<- i nt.ro rer oi bottom dange segments 162 
.orated distributed eves tr=e penpnety oi s.ud vuOutat eicreent and a number oi top flange 
segments tee ^sanged distributed over the periphery ot the tubular element The bottom 
Hanue segments 162 ana top ilanru .segments 163 xc cadi presided with ptnni& and 
165, xespecirve!} „ vdnd- in the first position shown pouu uwards one another and which 
are able to anchor in uV tissue, m parficuW the valve artaulus in the case ><f the heart 
<.a t \c tkmg device 160 shov.a in h ^urc 10, :o anv event the bottom tlange aegnents kd: 
can be bent again.st a tesshem force iron ire so-called fh«t portion shown into a .so-called 
second position and optionally the top rl'tngc serroems ,6.* can also be bent against a 
resilient force from the so-called first position $:*>v>t\ mto s ao-ealled secorsa position By 
making the Haage segments broader or continuous c-j \ trtualK continuous in the centre arid 
makmg the peripheral sections wtrnw, the sealing abikt\ of the centre is improved and 
the iterctng ability of the periphery :s imptoved 

I-jgure ii .'hows a heart v.dve fixing O^aIc*, with a rw'o~cu.'p heart va ve picsthe^ts 
mounted therein beforehand. Figure Ha shows the he.rt raise fixmg desice 17th which as 
such can readily be compared with the heau sahe tsxmg deuce 20 m Figure 2a or the heart 
\alve fixing dewee 30 m Figure 3, in a pr-snson tcao\ for fitting The heart v.tive fixing 
dcHKC HO comprise*, a tuoolir element 1?K bottom fanre segments or fiance fingers 172 
and top flange segments or flange fuigeis 1"3. in Figure I la the bottom fiance frig-cx 1 
aaJ too flange fingers 1"> are shown m tie so~cdled second position, in which thev art, as 
si were, stretched m Jhe longitudinal dnecuoa of the tubuka element 171 and under 
peteusion for bunding onwards The bottom tlatigc fingers 1 ?,* and top flange fingers 17? 
are held ir< a?i extentted. po-calltrd second pOLiUoii b^- rrcans of a aleeve 175 arrangt-a 
arou'td the s 5 <ho5e After the whole has beer- btonght smo portion ies:ae the sahe anntmss 
t-) which the hear* s^l'-e »\mg devjea 1?\> ha 4 -' to be fixed, the j=ieeve P5 cart be 
upwards, as es she^tt b\ arros\ 1 76, wh.eh .s s>ou» du^ia'nni^ieallv in rjguie 1 1 r« ^ftei 
puHlnc «iw,t\ tne s.e^se 1 > the bottom tlarue finger;- .11 ana top ilange tmgets 173 vvili 
spnnu back Into then tn'st povaon 

higure I!! shems a heatt \ahe itxm^ ae^iee ISO eon tstmg o*'a tubule element 181 
ane. hotiorn ilani/e tmgett IK" 1 pnn'ded vojth anchoring poiiJs 183 the bono,n- tbogo 
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fingers 182 are shown in the so-called second position, The bottom flange fmgers J 82 are 
held in this second position by means of a suture 1 84, which extends stretched tautly 
around the bottom flange fingers 182. The suture 184 overlaps itself in the region 186, it 
being possible for the suture 10 he fed behind ihe next flange finger after it has passed 
5 Hange finger 188 iu order to be guided out towards the front through a tube 1 35 or, instead 
of a tube, through a small conduit made in the wall of the tubular element, after which the 
ends of the suture can be held stretched taut at 18? by means of a knot or the like. After the 
heart valve fixing device 180 has been positioned in place inside die annul us IS. one knot 
187, for example, can then be cut off or otherwise removed and the susurs 184 can then be 

10 pulled out completely by means of the other knotted end 1S7. the suture 184 being guided 
within the tubes 185 on passing through the annuius 18 and thus not acting on or cutting 
into the annuius 18. The tubes 185 run along the outside of the tubular element 18!. lithe 
fixing by means of the bottom flange fingers 182 and anchoring points 183 is sufficiently 
firm, the so-called top flange can optionally be dispensed with in its entirety, in mis case 

15 the so-called bottom flange can optionally also be fitted as a top flange during 
implantation. This top flange can still be fixed to the tubular element 18! even after fitting 
the tubular element 181. for example by screwing on, if appropriate only after removing tie 
suture IS'!. The so-called top flange, which is not shown in Figure 12, can also form an 
integral whole with the tubular element and be temporarily held in the so-called second or 

20 extended position by, for example, once again a suture or ligature, in order to facilitate 
positioning inside the annuius. 

Figure 1 3 shows, highly diagrammatical ly, that folding the bottom flange or bottom 
flange segments omwards from the so-called second position into the first position can be 
assisted by means of push elements 195, which can be moved outwards in the radial 

25 direction. 

With regard to accommodating the valve annuius between the top and bottom flange 
for fixing it is also pointed out in particular that the valve annuius is not always equally 
pronounced. In practice the valve annuius can even he a barely discernible narrowing on 
ihe inside of the blood vessel or the heart or, in the ease of the removal of the natural heart 
30 valve cusps, can have been cut away to a greater or lesser extent. In the case of a relatively 
little pronounced annuius. such as t for example, is naturally the case with aortic valves 
which have a relatively flat, or plane annuius, the bottom and top flanges according to the 
invention will grip the annuius or the remainder thereof, as, for example, can be seen in 
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Figure 14. in particular on the ieii rather than clamp the arsnuius between them. However, 
according to the invention ^'accommodation of the valve annul us between the bottom and 
top flanges for fixing the cardiac prosthesis fixing device" must be understood to cover this 
case as well. In the case of fairly flat armuli such as is naturally the case with aortic valves, 
the bottom arid top flanges will advantageously, by means of arms or other projecting 
elements, pierce the tissue around, below and above the annulus. To illustrate this, Figure 
14 shows, diagramrnatically, a mitral valve prosthesis device according to the invention, in 
the case of the mitral valve the natural annulus is conical over three quarters of the 
periphery on either side of an imaginary horizontal cross-sectional surface fsee left-hand 
side of Figure 14). One quarter of the anmiius is very thin and this ultimately forms oaly a 
pan! tion between two hollow spaces, which partition is at approximately 60* to the 
vertical. A mitral valve prosthesis fixing device according to the invention, such as is 
indicated diagrammatic-ally by 200 in Figure 14, will then have a bottom flange edge 202 
and top flange 201 over three quarters of the periphery, which flange edge 202 and top 
flange 201 preferably bear at least periphery anchoring points 203, The bottom flange edge 
202 md top flange 201 ears be of approximately the same construction over said three 
quarters of the periphery. For the remaining quarter of the periphery it will be advantageous 
for good fixing of the mitral valve prosthesis fixing device according to the invention if the 
bottom flange 205 makes an acute upward angle with respect to the tubular element 20? 
when it is in the first position. The bottom flange 205 can also optionally be made longer at 
this location. 

SECTION 3 J 

F„ji " 5 sho^s a prostheses tlx.ni* aovsoe 4 its, ui particular- a cardiac ptosthesis ilxsng 
Jcmcc consisting of h tubular, w general cshnotvcu, e.cuert ~*o having sht-^hapeJ 
passages -*1 i arranged cutubuied asoutj the permnerw ard, per passage 415. an am 41 1 
extending "torn nV r op«>f the sLt-sna^ed passage 41 ^ obi „niel> n.v. ard? and do v-nw are's ui* 
least according to J -m 15), wNch arn bexs at :ts end a-. outs.ar 1-rvmtmg pa; 142 winch, 
a-. least in the embodiment aevoiduv, «o F^ ' \ is approximate^ at ;;t>n; singles to th„ arm 
411. 

Ftg l^ also shoves a valse prosthes.v. a. so stiowt: m secucm, above the eanh\k 
p-osfaevs f xtr.g de\ so - 10 Hv wive ;vo«hcs.s consists of a oshndren Soa> 417 with 
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the valve cusps 419 hingeabiy mounted Therein. The cylindrical body 41? Is provided on its 
outer periphery wife foot ridges 4,18 arranged distributed around said outer periphery. The 
cardiac prosthesis fixing device 410 is provided with four axial slots 414, formed in the 
interior, which are arranged distributed ■ in the same way as the ridges 418 - over the inner 
periphery of the cardiac prosthesis fixing device 410. The slots 454 open into an interior 
peripheral groove 415. The cardiac prosthesis caa be fitted in the cardiac prosthesis fixing 
device by positioning (he ridges 41S above the respective slots 414 aad then allowing the 
valve prosthesis to lower into the valve prosthesis fixing device until the ridges 41 S are 
located sn the peripheral grooves <U5. The valve prosthesis can then he turned into a 
desired position and fixed in the desired position by means of fixing means, which are not 
shown. 

The cardiac prosthesis fixing device is intended to be fixed in the interior of fee 
circulatory system in contact with the peripheral wall of a part thereof. To this end the 
cardiac prosthesis fixing device, is usually fed through a section of the circulatory system to 
its destination. This is carried out with the arms 41 1 and pins 412 in the position as shown 
in Fig, 1 5 and Fig . 1 5a. Once the device is at its destination, pressure is exerted by means 
of an aid, such as a balloon, float element or valve prosthesis, from the inside on the arms 
41 1 in order to push these outwards or. to put it more accurately, to swing fen about the 
ibid/bending line which extends in the tangential direction and is at the level of the top of 
the passage 413, Irs this way the pin 412 which initially is located inside the tubular 
element 416 emerges ia order to penetrate the surrounding tissue and thus to anchor the 
cardiac prosthesis fixing device 410 in the surrounding tissue. 

This outward pushing or outward swinging of the arms 41 1 with pins 412 can be 
effected by pushing the arms 41 1 outwards, always one arm at a time or optionally a few 
arms 411 at a time, by means of one or other suitable tool, it is also conceivable to insert a 
balloon until it is Inside the tubular element 416 and to inflate this balloon in order to push 
all arms 411 with pins 412 outwards at the same time. However, it is also possible to 
perform this outward pushing of the arms 41! with pins 412 at the same lime as 
positioning the valve prosthesis. When the valve prosthesis, viewed according to Fig, 15, is 
slid into the cardiac prosthesis fixing, device 410 from above, the bottom edge of the 
cylindrical body 41? will gradually push the arms 41 1 further outwards until the arms 41 ] 
are located entirely in contact with or in the tubular' element 416, in which latter case they 
axe located within the passages 413. it is optionally also conceivable that the amis 411 with 
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pins 412 have been initially pushed/swung partly or substantially outwards using a tool and 
that this ouwatd pushing/swinging is completed ort tilting the valve prosthesis in the 
cardiac prosthesis fixing device 410. 

Fig. 15a shows a detail a from fig. 15. where it can clearly be seen that in the so- 

5 called insertion position the arms 411 with pins 412 arc located completely within the 
tubular element 416. In Fig. 15b the so-called fixing position is shown and the swinging 
movement of the arm 41 1 with pin 412 is indicated by means of an arrow. 

Figs 16a and 16b show, as a detail corresponding to Fig. 15a arid 1 5b respectively, a 
variant of a cardiac prosthesis fixing device, according to Fig, 1 5. T he cardiac prosthesis 

10 fixing device is indicated in its entirety by 420, the peripheral groove is indicated by 425 
(compare 415 in Fig. 15), the passage is indicated by 423 (compare 413 in Fig. 15), the arm 
is indicated by 421 ('compare 41 1 in Fig. 15) and a bottom pin is indicated by 422 (compare 
412 in Fig. 15). The embodiment according to figs 16a and 16b essentially differs from 
that in Figs 15a arid 15b in that the arm 421 is provided with a second pin, or top pin 426. 

15 The pin 426 is shorter than pin 422, although if the arm 421 were to be bent further 
inwards pin 426 could also be the same length as pin 422. The additional pin 426 improves 
the anchoring in the surrounding tissue, it should be dear that more pins per arm 421 can 
also be provided. For example, consideration can be given to three or four pins per arm 

20 As a variant on the ami 42 i with two pins 422, 426 it is also very readily conceivable 

to attach/provide the pins 422 and 426 each on a separate arm. This can then, for example, 
lead to an embodiment as in Fig. 18. However, instead of the embodiment according to Fig. 
18 with anus oriented in opposing directions, it is also very readily conceivable that the 
arms ate o-vnttd r\ the same drrectton, -l then being povssbk- tot the pnu. 4 2o to be 

25 mounted on shorter arms than the pins 422 (see, for example, Figs 24a and 24b) or the 
hinge axes of the arms bearing the pins 426 located at the top being located above the hinge 
axes of the arms bearing the pins 422 located at the bottom, it. is also very well possible 
that the arms of the top pins 426 come to lie completely above those of the bottom pins 422 
arid thus two rows of arms with pins, located above one another, are formed (see, for 

30 example, Figs 23a and 23b). For an explanation of the variants just mentioned reference is 
made to Figures 23a and 23b and Figs 24a and 24b, 

Figs 23a and 23b show, as a detail corresponding to Fig. 15a and 1 SK. respectively, a 
■variant of the cardiac prosthesis fixing device according to the invention, in the variant 
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according to Figs 23a and 23b there arc wo rows of arms, provided with piss, positioned 
above one another in the peripheral direction of the tabular element. The top row consists 
of arms 491 with pins 496 and the bottom row of arms 494 with pins 492. Slits 497 are 
provided for the arms 49 i with pins 4% and sins 493 arc provided tor the amis 494 with 
5 pins 492. Groove 495 is for fixing, for example, a valve prosthesis, in accordance with 
what is known front Fig. 15; compare groove 415 in the latter figure. 

Figs 24a and 24b show a corresponding variant, but now with a double row of arms, 
provided with pins, which as it were are located within one another instead of above one 
another. The so-called hinge axes of the short arms 501 and the long arms 504 are 
10 essentially at the same level or at least approximately at the same level However, it is also 
conceivable that the hinge axes for the arms 501 are located substantially lower than those 
for the arms 504, the arms 501, with pins 506, then coming to lie, as it -were, completely 
within the. arms 504 with pins 502. If the hinge axes for the arms 501 and 504 are 
essentially in an identical location... a common groove 505 can then in each case be 
15 provided for the arms 501 with pins S06 and arms 504 with pins 502. Groove 505 is again 
comparable with groove 415 in Fig. 15. 

Figs 17a and l?b show, again as a detail corresponding to that in Figs 15a and 15b, 
respectively, a variant of a cardiac prosthesis fixing device according to fee invention. The 
cardiac prosthesis fixing device is indicated in its entirety by 430; 435 indicates the 
20 peripheral groove (compare 415 in Fig. \Sy, 431 indicates the arm (compare 411 in Fig. 
15); 432 indicates the pin (compare 412 in Fig. 15); 433 indicates the passage (compare 
4 1 3 in Fig. 1 5). The difference between the embodiment according to Figs 1 ?a and 1 7b and 
the embodiment according to Figs 15. 15a and 15b essentially lies in the shape of the pm 
432 and to a lesser extent in the shape of the arm 4.31. As can be seen in particular from 
25 Fig. i?a, the arm 431 is curved slightly inwards and the pin 432 is curved fairly 
pronouncedly outwards, preferably in accordance with an arc of a circle. Such a curvature 
of, in particular, the pin 432 makes penetration of the tissue in accordance with a circular 
path possible, minimal damage occurring to the surrounding tissue. 

Fig, 18 shows by way of a detail sectional view yet a further variant of a cardiac 
30 prosthesis fixing device according to the invention. This detail can as such be compared 
with the details in Figs 15a, 15b, loa, 16b, I "a and 17b, Corresponding to the embodiment 
in Figs 15, 15a and 15b. the cardiac prosthesis fixing device 440 according to Fig. 18 is 
provided with an arm 441 with a pin 442 at the end. However, a significant difference 
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cornered emhodmiert acs-ordr^ to has i% and 15b is thai the cardia^ 

prostheses fixing deMcc 440 is a!&i< piovuktl w-th arms which are oneraed m the 
oppos^e direction to inns 441 and are pro\ided with pros 444 at the free end. The arm*. 
44i uuh psns 442 and the amis 443 with puis +44 -wjl pofctaoly be arranged (iismbutec 
out the pcripheiy of the cardiac prosthesis iKing ocvkc 440 such that they alternate with 
ore another Separate passages can in each case r=ave been formed m the tuhuiai element 
for the arms 441 with nms 442 and for the arm:* 44 < wstn pins 444, bur it is also 
corscer-abie, a? is shown us t-tg 1 S, to provide Single common passage 44$ u r each pair 
of adjacent arms 441 and 443 The embodiment according to Fig 1$ farther differs from 
that according to Fins i>< l^a arid 15h m that u relatively bort, outward-pomting 
r>cnpherai ilange 44? is provided at toe bottom and a le'abvcly longer, outwore pointing 
flange 44<> provided ,*r the top He task of said flange 447 and 446 is to enciose the 
annulus tissue 44* of a fault} natural heart \ji\ts to some extent, I he cardiac piusthesw 
uxing deuce 44*} further differs fiom the cuetiae prosthesis fixmu device 410 m mat Ute 
external peripheral surface of the tubular element is prided with a concave tecess 449 
extending m the peripheral direction. This concavity 44^ ensures better abutment with the 
surrounding atmuUss tissue 445 

io ?ummax:sc, rhe cardiac piosthesis ilxmg device 440 differs front the cardiac 
prosthesis lixtng device 4 1 0 m respect ot three aspect. 1 nese aspects are: 
as the arms 441 . 443 oriented m opposing directions, 
o > the bouom tlange 447 and the top flange 446, and 
c) tne concavity 449. 

It should be clear thai it is in no way essential lot these three differences a), b) and c> 
a\\ to occur togethei in combination sx one embodiment These dlfkreness as, b> and e) can 
aKo be empK>>cd. each jndividua.il> or in eombiration \uth another, »:t anv othe- 
embodiment of the cardiac prosthesis fixing ocvue avoiding to the invention 

hi Fig. 1 8 the arm 441 with pin 44? is snov-m m the so-called iivng position, choreas 
tne arm 44 ; \srth pm 444 i? shown tn tb< sc-ealled msomon i/-<sit:on. v\<nh the u.se ot 
suitable tools* it is possible u-st to swine the arms 441 wrh pin-; 44^ outwards aea -atib 
thereafter the anas * + $ ^tth psas 444, ot %i;o \ett : a Ik<^e\er. :t is also \ers> reauils 
po.ssible, for exampk usmg the ahoveinenooned bJioo'i or other tool driver bs 
compressed air ot manually, to .swirK the aims +41 wi;h pus? 44? and atm^ J 4^ with n:ns 
444 outwards ax the same tnr.e 
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Fig. 1*> shows a cardiac prosthesis fixing device 450 which is largely identical to the 
cardiac prosthesis fixing device 410. 45! indicates the tubular element teouipare 416), 452 
the arms (compare 411), 453 the pins tcompare 412 j and 454 the passages (compare 4 i 3). 
Fig. further shews an auxiliary element 458 for pushing; swinging the arms 452 
5 with pms 453 outwards, The auxiliary element 458 consists of a puli element 455 which 
can he nulled upwards in accordance with the arrow. \iewed in accordance with Fig. IV, in 
order to pull the forcing body 456 inside the cardiac prosthesis fixing device 450 or at least 
inside the tubular element 451. When this takes place the arms 452 will be pressed 
outwards by the forcing body 456 arid the pins 45?. will thus penetrate the surrounding 
10 tissue. A nosepicce 457 which is spherical at the bottom has been formed on the underside 
of the forcing body 456. viewed m accordance with Fig. 1<>. Said nosepiece 457 facilitates 
feeding of the tool 458 through the circulatory system to the destination, It is possible that 
the cardiac prosthesis fixing device 450 hits already beets lined, around the pull element 455 
before tills operation, but it is also possible first to bring the tool 458 to ihc destination and 
!5 then to bring the cardiac prosthesis fixing device, slid over the pull element 455, along the 
pull element 455 to its destination. When pulling on the pull element 455 die direction of 
pull will preferably be directed away from -he heart. 

Figs 20a and 20b show details corresponding to figs 1 5a and 15b, respectively, of a 
further variant of the cardiac prosthesis fixing device, specifically cardiac prosthesis fixing 
20 device 460 according to the invention. 461 indicates the passages (compare 4131, 462 the 
arms t compare 411) and 463 the pins « compare 41 21 The difference compared with the 
embodiment according to Figs 15, 15a, .I5h 16a, 16b, 17a, 17b and 19 essentially lies in 
the top flange 464 and/or bottom flange 465. The top flange 464 and bottom flange 465 do 
not necessarily both have to be present. In the so-called insertion position, shown it) Fig. 
25 ?.0a, the top flange 464 and bottom flange 465 are in the so -called extended position. Both 
the top llange 464 and bottom flange 465 consist' of flange fingers which arc separated 
from one another by incisions. When the cardiac prosthesis fixing device 460 has been 
positioned in its place inside the valve annuius 467 which is still present on the inside of 
the circulator j>>?tem 466, tiV vr flange fingers 464, bottom flange fingers 465 and arms 
30 462 are swung outwards. This van he carried out in an arbitrary sequence, for example the 
arms 462 with pins 463, then the bottom flange fingeis 465 and then the ton flange fingers 
464. but it is also possible for ail to be swung outwards simultaneously or for just the 
bottom and top flange lingers to he swung outwards sun- utaneeush . The top and bottom 
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fiange fingers -164 and 465, respectively, can be swung outwards by forcing, bending taking 
place, it is also conceivable thai the extended position of the top Oange lingers 464 and 
bottom flange fingers 465 is a position in which these are under a pretension tending to 
swing onwards and have been fixed in said praumsioned position. This fixing can then be 

5 released, for example by removing a physical impediment or in the case of, for example, 
memory metals, such as nickel-titanium alloys, by beating to above a certain temperature. 
Fig. 20b shows the cardiac prosthesis fixing device 460 in the fully fixed position. 

Hg. 21 shows a cardiac prosthesis fixing device 470, or at least an inside view of a 
tubular element 474 that has been opened nut. The tubular element has been opened out by 

10 cutting it open along axial cut lines 471. In the case of the cardiac prosthesis fixing device 
470 the arms 472 with pins, which are not visible here, pointing towards the rear and the 
associated passages 473 are arranged in a sine-wave pattern. The reason for this is so that 
in the case of a valve annul us of sine-wave shape the arms 472 with pins are able to follow 
the shape of said annulus and all pins are thus able to penetrate the annulus tissue. 

15 Fig. 22 shows, diagranunaticaliy, a sectional view of yet a further variant of a cardiac 

prosthesis fixing device, specifically cardiac, prosthesis fixing device 4S0 in which a valve 
prosthesis 485 consisting broadly of a ring 486 with valve cusps 489 has been mounted. 
The cardiac prosthesis fixing device 480 consists of a tubular element 481, a multiplicity of 
arms 482, each with a pin 483, arranged distributed over the periphery thereof and with one 

20 pin passage 484 per arm. In the so-called insertion position the arm 482 has been bent so 
far inwards that the pin 483 is located completely within the tubular body 481, in 
accordance with, for example, what is shown in Fig. 15a. In the case of the embodiment 
according to Fig. 22 it is possible to fix the cardiac prosthesis fixing device 480 at its 
destination, after it has been positioned at the destination, by swinging the pins 483 

25 outwards at the same time as fining; the valve prosthesis 485. Viewed in accordance with 
Fig. 22, the valve prosthesis 485 is .fed from the top, in accordance with the arrow, and 
introduced into the tubular- body 48 i. During this operation the broadening 4S7 at the 
bottom will press on the arms 482 and ssving the arms 482 with pins 483 outwards in order 
finally to pass beyond the transition between the arms 482 and pin 483, after which the 

'30 arms 482 spring back inwards to snap behind the broadening. In this way the valve 
prosthesis 485 is fixed in the upward direction in the cardiac prosthesis fixing device 480, 
In the downward direction the cardiac prosthesis 485 is then fixed hi the cardiac prosthesis 
fixing device 480 by the bottom stop 488, which can be a rim projecting inwards around 
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the entire periphery or optionally can consist, of a number of ridges projecting inwards, it 
should be clear thai fee valve prosthesis can optionally also be pulled from bottom to top, 
in which case at least the cardiac prosthesis fixing device 480 and ring element 486 have to 
be rotated through 1 80° about an axis rntn.sver.se to the piarte of the drawing. 

For further explanation, fig. 25 shows, diagtamfnatiealiy, yet a further example of 
the use of a prosthesis fixing device according to the invention for fixing a vascular 
prosthesis. In ibis case use is made essentially of the same prosthesis fixing device as in 
Fig. 15, which prosthesis fixing device, in this case a vascular prosthesis fixing device, is 
tor this reason indicated by 410 in Fig. 25. It should be clear that, the prosthesis fixing 
device 410 in Fig. 25 can essentially be replaced by other prosthesis fixing devices 
according to the invention, such as. for example, shown in Figs 1.6a, 16fe, i?a. l?b, 22, 23a, 
23b, 24a and 24b. The vascular prosthesis 510 can be a natural or synthetic vascular 
prosthesis here. Trie vascular prosthesis 500 is provided at its ends with a relatively rigid 
ring 517 (comparable with ring 41 7 in Fig. 15\ which ring 517 is provided with ridges 518 
(comparable with the ridges 418 in Fig. 15) arranged distributed around the periphery- In 
accordance with the invention, the vascular prosthesis 1 10 car- be fixed inside the 
circulatory system by positioning a prosthesis fixing device 410. with arms provided with 
pins, at each of the ends of the vascular prosthesis in the circulatory system and then fixing 
these, for example by pushing the ring 51 7 into fee tubular element of the prosthesis fixing 
device 4 1 0 and thus pushing the arms « 1 1 with pins 4 1 2 outwards for anchoring. 

Many more variants of the invention described above which fall within the scope of 
the claims but are not shown in the drawing are possible and conceivable. For instance, the 
amis and pins, for example, do not have to have the same shape over the entire periphery of 
the tubular element. Specifically, this shape can vary over the periphery depending on the 
type of natural valve to be replaced. Consider, for example, the mitral valve arid what has 
already been described about this in the abovementioned Netherlands Patent. Application 
1 012 150, svhich has not been previously published and has been incorporated in its 
entirety in this PCT application in the form of Section X,l . According to a further variant it 
■s conceivable that the tubular clement arid the valve prosthesis, such as the outside ring 
thereof, form an integral, preasxernbied whole. 

In renerah evet>v«hete m this applvihon and m reticular in Section X.2, cardiac 
prosthesis fixing device can be read in the broader sense as prosthesis fixing device, in 
particular vascular prosthesis fixing device. 
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SECTION 33 

Hes 26-20 show particular embodiments of the subject of Section XT. which 
particular embodiments are further deveione-d in Section X.3. 

Fig, 26 shows a fixing device which, for example, can he used as an anastomosis 
device for producing an ETS anastomosis. In this context Figs 26a. 26b show various 
stages in the production of me anastomosis. 

Figs 2b - 30 and .v2 each show details of longitudinal sectional views. Viewed m a 
plane transverse to the plane of the drawing, the fixing devices shown in these figures will 
have a ring-shaped cross-sectional profile, such as a circular, oval or ellipsoidal cross- 
section. 

In Fig. 26. 601 indicates the vascular wall tissue that surrounds the passage in which 
the fixing device 600 is to be accommodated This vascular wail tissue 601 can, for 
example, be the vascular wall tissue of an aorta, but can also be cardiac wail tissue- 602 
indicates the blood vessel, usually referred to as the graft vessel, to he joined to vascular 
wall -issue 601. The graft vessel 602 is firmly attached to the inside of a ring or cylindrical 
element 604 by means of suriiring or stitching 605, Ihe graft vessel 602 can also he 
attached to 604 in some other way. Thus, for example, this fixing cart take place by 
damping by resilient inner fingers which are joined at the inside and the bottom to the 
tubular dement 604, the graft vessel 602 being clamped between these interior fingers of 
the tubular element 604, 

The fixing device 600, which is also referred to as an anastomosis device, comprises 
a tubular body 610. which can also be referred to as annular, with bottom fingers 609 and 
top fingers 605*. The bottom and top fingers 609 and 60S have been bent from a radial 
extended position (v-omparable to the position shown in Fig. 26b } into an axial extended 
position, as is shown in Pig. 26a. The bottom lingers 60 4 * and top fingers 60S are held in 
this axlaily extended position by ft sleeve 6fC> fitted around anastomosis device 600. in 
Hg. 26a the graft vessel 602 and die connecting ring o04 attached thereto are also shown as 
located inside fee sleeve oOT However, as should be clear, these do not have t*» be located 
inside the sleeve 6G.>, although tills can be an advantage. The sleeve 603, with the 
anastomosis device 600 inside it, ;s inserted through the passage 612 in the vascular wall 
tissue 601, it being possible for the passage 612 already to have been preformed or 
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optionally to be formed by a sharp or pointed bottom cutting edge 61 1, which Is not shown, 
of the .sleeve. The sleeve 603 is inserted into the passage 612 until the tubular body 610 is 
located approximately at fee level of the passage 612. The sleeve 603 can then be 
withdrawn in the direction of arrow T while restraining the anastomosis device 600. When 

5 the sleeve 603 has been withdrawn sufficiently far, first of all the bottom fingers 609 will 
spring radially outwards into the position shown in Fig. 26b and when the sleeve 603 has 
been further withdrawn the top fingers 608 will also spring into a radial first position 
shown in Fig. 26b. On springing radially outwards the fingers 609 and 60S will clamp the 
vascular wall tissue surrounding the passage. To reinforce the anchoring in the vascular 

10 wail tissue 601, the lingers 608 and 609 car, also be provided with roughenings, pointed 
projections, etc, on the sides thereof which face one another in Fig. 26b and optionally can 
ever? be provided wuh projections which extend as far as the opposite linger and which 
therefore pierce completely through the vascular wall tissue 601. 

The ring 604 can then be fixed i.u place in anastomosis device 600 by snapping home 

15 the annular groove 606 on die annular rib 607 of the anastomosis device 600. The join 
between the ring 604 and the anastomosis device 600 can optionally already have been 
produced prior to inserting the- device in passage. 602 or at least prior to withdrawing the 
sleeve 603 from the passage 612. 

in the radial position shown in Fig, 26b the fingers 608 and 609 form an interrupted 

20 flange in the peripheral direction of the anastomosis device 600. However, it should be 
clear that these interrupted flanges can optionally also have been constructed as continuous 
flanges by providing bodies between the flange fingers 608 and 609, which bodies, in the 
position shown in Fig. 26a have been folded inwards between the respective fingers. 

Fig. 27 shows an anastomosis device 620 which is particularly suitable for BTE 

25 anastomoses. The anastomosis device 620 consists of a tubular body 630 with bottom 
fingers 629 and top fingers 62S, which in their axialiy extended position, the so-called 
second position., shown in Fig. 27a. are surrounded by a sleeve 623 In order to be held in 
said second position. The tubular element is provided with suture passages, with the aid of 
which one of the blood vessels, that is to say blood vessel 622, has been fixed in place by 

30 means of a suture join 625. This will in general be carried out before placing the tubular 
element 630 with top lingers 628 and bottom fingers 629 in sleeve 623. The assembly 
comprising sleeve 623, blood vessel 622, tubular element 630 and bottom fingers 629 and 
top lingers 628 has been inserted in a second blood vessel 621. or the second blood vessel 
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621 has been slid over the sleeve 623. The sleeve 623 is then withdraw* in upward 
direction T from the second blood vessel 621, after which first of all the bottom fingers 629 
can. fold outwards in the radial direction arid, wife a sharp point, will pierce the wail of the 
second blood vessel 621 for anchoring, in order then, on further withdrawal of the sleeve, 

5 to allow the top fingers 628 to fold radially outwards ia order, likewise with a sharp point, 
to pierce the wall of the blood vessel 621. Optionally, the ends of the lingers 628 and 629 
protruding through the blood vessel wall 621 can then be further flattened against the 
outside of the blood vessel wall 62 i in order to anchor even better therewith. 

U should be clear that in the ease of the anastomosis device in Fig. 26 as well, the 

10 blood vessel 602 can have been directly sutured to the tubular element 610 in a manner 
corresponding to that in Fig. 27, or, conversely, that in the ease of the embodiment 
according to Fig. 27 use can also be made of a ring 604 which snap-tits by means of an 
annular groove 606 on a rib formed on the tubular element 630. 

Fig. 28a shows an example of a fixing device in the form of an anastomosis device 

15 640 for producing an STS anastomosis between two blood vessels 641 and 642 running 
alongside one another. The STS anastomosis device 640 consists of a tubular element. 643, 
bottom fingers 644 and top lingers 645, which are accommodated in their entirety in a 
sleeve 646 in a position ready tor fitting. The procedure for fitting the anastomosis device 

640 essentially corresponds to that for anastomosis device 600 in Fig. 26- However, one 
20 difference is that the bottom fingers 644 and top fingers 645, which in the radial first 

position shown in Fig, 28b together each form an interrupted flange extending in the 
peripheral direction of the tubular body 643, now clamp two vascular wall tissues 642 and 

641 together one above the other, and hold these clamped to one another, rather than 
clamping a single vascular wall tissue. Although the STS anastomosis device 640 could be 

25 fed to the fixing point via one of the vessels 64 1 or 642, in Fig. 28 it has been elected to do 
this via an additional passage 647 made in one of the vessels, in this case the tipper vessel 
64?, opposite the fixing point. This additional passage 647 must be closed off after fitting 
the STS anastomosis device 640 and removing the sleeve 646, This could possibly be 
effected by suturing the passage 647 in siru, but can also be effected by fitting an obturator 

30 prosthesis 650, The obturator prosthesis 650 can essentially be absolutely identical to the 
STS anastomosis device 640, with the proviso that the tubular element 643 will generally 
be shorter in the axial direction and that the S7> anastomose de\ice 640 has an open 
passage, on the inside, whilst the obturator prosthesis 650 will be completely closed within 



the tabula; dement tsSl 01 wdl dtoaov have been eompieteh closed by a plate-hkc clement 
m advance, m this context n ?? optional I > po asble to accommnda\ me obtuiator ptosthesis 
o50 vsuh the STS anastomosis deuce o-K) ir the same sleeve 64o at the same time and to 
fix at its destination oy wnhdravvinq the j-eeve 6^6 ever rhrthet after f.xmi; me SFS 

5 anastomosis devtee o40 However, it 1$ also conceivable to fix the obturator prosthesis 650 
in p*ace oniv aitei the sleeve 646 ha? been completely removed, It is also conceivable that 
first ot ail tixc obturator prosthesis 650 is fixed in tlxo passage and eoh' uten 3.5 me 
sleeve o4o, together with lite S'lS anastomosis desiee o40, ted through trie obturator 
prosthesis o^O to the fixing point h> the STS anastomosis device In such a situation 

10 prosthesis o50 then acts as a pom- prosthesis. 

I he fixing prosthesis t>50 could also be constructed as ts indicated ;n more detail by 
the broker lines m Viz 2S. vs ith this more detxiikd embodiment the top fingers 652 will 
assume a iadiai position and will nreierabh not he individual fingers hut a flange vvmch 
extends emnterrupuid around toe periphery of the tubular demerit 65*, A raised rma t>5e, 

15 which can be provided internally or externally wsth screw ihtead tot fixing to, for example, 
a cannula os working conduit, is present on said flange 6^2. As is further indicated by 
broken fines, the bottom fingers tv54 will be ir. an extended position for rVtiiut in the 
passage 647, fhey can be held :o thss extended position by means of a suture or kgature 
niiintntt round the extended arms 6^4, sshieh suture o; hcacute can be removed after 

20 positioning fee obtuxatos pto&inesis o50 m the passage 6 I < in order to cause the fmctr? 654 
to spring into ;he radial portion, Fhe rat sea edge os" v. an at o be used f^r fixing an 
or?turati-r cap on the obruratoi prosthesis 650 This omnrator cap t not showrO svtH then 
pjcferabiy also hi Seated in the passage ereiosed by the tubular e:ement 651 -vt otdcr to 
prevent a space tormirg m winch the blood «s not flowing or remains stagnant 

25 hpecificalK, this cook! ?»ve rise to uudestred blood dotting phenomena That side of such 
an obturator cap. vvhtch ts rot shelve, wkeh faces the inside t>f the vessel o41 wH 
prefecahiv nave oeer, covered with v ocular wait tissue ra order, as far as possthie, to 
leatnet contact of the blood with matcial foreign to me bod> 

Fie .ise shows a further embodiment an octnrator prostheses cr porta! ptONthests 

30 A.\ \bould be de.tu a penal prc-sth<ns will lunc to be closed after -he mecncal irrenenttun 
aiui Vv'dl then act a.$ an obturator prosthesis an>t for tnis reason can ai.?«> be utilised direct!) 
a.s aa »*htusator prostliests if the perul function is not needeo Ibe oortal obturator 
rstosthests Sshovvn sn Fijf 2Sc essentia' o mentjcal :o r^e porta i/ohtura: or on>s-tpvsis 65*" 1 
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shown in Ftg. 28b. wiih the proviso thai the threaded ring 653 indicated by broken lines in 
Fig. 28b is trussing and that the fixing, device m Fig, 28c is provided inside the tubular 
element with screw thread 655. into which a cap 660 provided with external screw thread 
661 can he screwed tight. Although screw thread is to he preferred in connection with it 

> being possible to remove the cap 660 again, it is also vers- welt possible to make use of the 
snap -lit connection by means of an annular groove 606 avid annular rib 607, shown in Fig, 
26, or another coupling, such as a bayonet fining. 

For fixing, for example, vascular wail tissue to that side of cap 660 which feces the 
bloodstream, said cap is provided on this side with an annular rib with radial passages tor 

10 suture, In Fig. 28c tills annular rib with radial suture passages is indicated by broken lines 
and provided with reference numeral 662, 

Figs 29a and b show a further variant of an SIS anastomosis device, consisting of 
two parts, each of which is individually iked in the side wail of a blood vessel in a manner 
corresponding to that outlined with reference to Figs 26 and 28. The position in which the 

15 two vessels have each been provided with one part 670 and 680, respectively, of the 
anastomosis device is shown in Fig. 29a and the position where these parts 670 and 680 
have been joined to one another is shown in Fig. 29b. 671 and 672 indicate the inner and 
the outer fingers, respectively, of the one anastomosis device 670, and 6S1 and 682 indicate 
the inner and the outer fingers, respectively, of the other anastomosis device 680. 

20 Anastomosis device 670 is provided with a body 673. formed on the tubular element, with 
a peripheral slit 674 on the inside, and the tubular element of anastomosis device 680 is 
provided with a body 683 with a peripheral rib 684, which may or may not be interrupted, 
on the outside. The peripheral slit 674 and peripheral rib 684 can together form a snap-fit 
joint, as shown in Fig. 29b. 

25 Fig, 30 shows an ETE anastomosis device 690. The ETE anastomosis device 690 

consists of a lobular element 605 with suture passages, with the aid of which a first blood 
vessel 697 can be sutured internally in the tubular element 6^5 by means of a suture join 
694. The tubular clement 605 has, at the bottom, bottom lingers 602, svhich display a 
curvature, and top fingers 691, In a position ready for insertion, both the bottom and the top 

30 fingers 692 and 691, respectively, are held in the axially extended, second position by 
means of a sleeve 693. Said sleeve 693 makes it possible to insert the entire assembly of 
sleeve 693, ETF, anastomosis device 600 and blood vessel 607 already fixed therein 
beforehand into a second blood vessel 696, or to slide said blood vessel 696 over the sleeve 



693, This position is shown in Fig, 30a, When the sleeve is withdrawn upwards m the 
direction of arrow T, first of all the bottom fingers 692 will move outwards in the radial 
direction and pierce the wail of blood vessel 696. On farther withdrawal of the sleeve 693 
in direction T the top lungers 69 i will be released and will be able to spring downwards 
under the influence of the resilient force into the position shown in Fig, 30b. When the top 
ami 691 and bottom arm 692 are in line, viewed tn the axial direction of the tubular 
element 695. thv top lingers o Q t. it" these are longer than the axial length of the bottom 
fingers 692, will have been provided with passages 698 for accommodating the ends of the 
bottom fingers 692. When the top fingers 691 and bottom fingers 692 are offset with 
respect to one another in the radial direction of the tubular element 695, the pointed ends of 
the bottom fingers 692 will then be able to pass precisely between two sprung-back top 
fingers 691, 

Fig, 3 ) shows two further advantageous embodiments, in particular with regard to the 
shape of die sleeve to be used wife the fixing device according to Section X.3. By way of 
example, the fixing device indicated in the sleeve according to Fig. 3 la is indicated by 600, 
corresponding to the indication in Fig, 26. The other reference numerals relating to the 
fixing device 600 itself have been omitted The sleeve 700 has an end cut off obliquely at 
an angle a at the end where the bottom fingers are located. The angle a will in general be 
45* or more, but can also be in the range from 30° to 45*. With this arrangement the 
bottom edge 702 of the sleeve 700 in particular forms a cutting e.dge, to which end this 
edge will also have been made sharp. The vascular wall tissue can be pierced by the cutting 
edge in order to form a passage for fitting the fixing device or the passage s« which the 
fixing device has to be fitted can be made larger- In particular, the end 701 of the sleeve 
700 will have been made sharp for this purpose. Fig. 31b shows a further variant, in which 
the bottom fingersoft.be fixing device run correspondingly to die sloping edge 702 of die 
sleeve 700, 

Fig, 32. shows a one-piece ETS anastomosis device 710 according 10 Section X3 of 
the application. The ETS anastomosis device 710 consists of a tubular element 71 1 from 
which a tubular part 712 runs upwards, which tubular part 712 is able to accommodate a 
blood vessel 713 on the inside. The blood vessel 713 can be clamped against the tubular 
part 712 by means of snnng * infers or fiange parts "14 and optionally anchored between 
the tubular past 712 and the lingers 714 by means of pointed parts. 'T he fingers 714 can be 
sprung intn one direction of the tubular part 712 under the iniiuence of a pretension present 
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in toe fiugets 7 '4. for example b> using memory metal, i>uch as nitinof or by using a 
mechanical spring tension, in which latter case a mechanical impediment will be removed. 
However, this can also take place under mcehamcai action by means of a force exerted 
external! v on the fingers 7 1-3. such as b> means of a balloon or an element to be forced 
between the lingers 7 1 4 in the direction of fee arrow f. After the blood vessel 7 1 3 has been 
fixed between fee tubular part 712 and the fingers 714, the bottom lingers 716 and top 
fingers 715 can be brought into an extended position and the assembly as a whole cart be 
fitted in the sleeve 717. It is also conceivable that the anastomosis device 710 is first placed 
in the sleeve 717, that fee blood vessel 713 is only then inserted between the tubular part 
712 and lingers 714 (as shown in Fig. 32a', the fingers 714 are then pushed in fee direction 
of the tubular part 712 (shown in Fig. 32bs and only then is the whole inserted in a passage 
71 S in a vessel wail in a manner corresponding to that described with reference to, inter 
alia. fig. 26 and die sleeve 717 is withdrawn in the direction of arrow T. This then results 
in fee manner already described above in the join shown in Fig. 32c. 



SECTION 3.4 



Fig, 33 shows a fixing device according to the first aspect of Section X.4 and 
specifically in particular a fixing device of this type for die production of an HIE 
anastomosis. 

in Fig. 33 the fixing device ;s indicated in its entirety by 740. The fixing device 740 
consists of a tubular element 747, which is not much more than a ring with suture passages 
for producing a suture join 7-12 to one end of a blood vessel 745. The tubular element 747 
continues downwards in a cylindrical inner flange 741. The tubular body 747 and 
cylindrical inner flange "?41 together form, as it were, one cylindrical body. At its top, fee 
tubular element 747 has an outer fiaage in fee form of outer flange fingers 743 which are 
arranged distributed around the periphery of the tubular element 747, The outer flange 
fingers 743 can assume a fixing position, shown in Fig. 33b, and can be bent, against a 
resilient force, from said fixing position into the position in which they are extended with 
respect to fee inner flange 74 L which position is shown in Fig, 3.3a, and can be held in said 
extended position by means of a sleeve 744, In fee extended position with sleeve 744 
around them, the outer flange fingers 743 are in the so-called fitting position, as shown in 
i-'ig. 33a, in this fitting position the assembly made up of blood vessel 745, previously 
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sutmed vLt sutuie som 742, inner flange 741 and sleeve can be inverted is ww end 
of a fotiher xcssel. The sleeve "'44 can then oc pulk-a upwards in accotdanee with anew T. 
aftei which ths outer fldsnee finger.s 743 tcrtuni to the position shown m Fig. 33a under the 
influence of me rcsjheut iotee, m whvh latter I'^moa thev logether with the nnea tknge 
5 ^4 1 . ciamp me and 746 of ihe vessel 

Fig ?■* ?h>wvs a valiant cv' the tixmg de\see as shown sr. Fig. 3>, hkewi.\c 
^responding to the first aspt et ot Seuwn X '1 FhcrehVe, the same :cfhence numerals a? 
m Fn\ ii ha\s o>.ea in big 34 for pans which ate otherwise identical Ihe difierence 
between rhe embodiment .voorchn.' 10 ^ -^d that according to big. 33 hes m die tact 
SO mat the 5-leeve <74~ in F^g 33 ) is ir.isstng and m diat the iixmg device, or at least the outer 
flaunt fingers 7 4> theteof, ha?/ha\c beer. :nade from superelastic metal alloy or an alloy 
wjiii .shape memory, hi the position shown hi f 34 the outer flange fingers* ? 4? are m a 
so-eahed thven position. Trie j-utet flange fingers M? can he released frotr this thven 
posuu-ui K heating the outes flange fingers 743 and optional!* the entire fixing device to 
15 above a certain temperature, for example 38 - 40*C Insseaa of th-s the outer flange fingers 
741 cars b« retained bv means of a sleeve 748 with a beaded edge, shown cy irukea haes, 
e\en after tney have bent outwards undet a pretension Vms s> eeve can men be ,*hd 
flownv-'asds in oroer to release the outer dange thmera and men removed upwards, 
downwards or, aftei etiumg open axuiiy. lateral!} . 
TO Fsg 35 shows a tardier embodiment ot a fixing device accordmg to the first aspect of 

Section X,* which t\\my device is pruuanh intended lot the production oi an HTF 
anastomoMi* oi ends of vessel lite vessels to oe joined bv the.r eoas ore mdsCited bv 745 
aoa 746 1 he fixing dcMce 7 SO cons** of a tubular K J> 753 v.htch at the opposing ends 
vf me tithe continues m a Crst jnnei flange 7? 1 and ,i second nines ilange "SI ^he inner 
2 e fiances 7SI and 752 each form ar essentially tubular bod) tauter flange ftneera 754 and 
"55, which a? such are comparable with die outet flange fingers , ? 4 > m Figs 33 and *4, ais<s 
expend f-oro the mhidat txxH Z 4 * 5 ihe^o outer fiange Fmceii lvo,e been xnt against an 
.nterna; te.sd^ent ioree trom a fixuu no^.tior. shown ,r, big ^b. into the osscntiaih 
rasuady ontv.ard-nomur^ fitting f.<%uon show-n m Fig in t-te Stung position the «uter 
tlauge fingcts 754 md ate. as U were, Seated back to ba^r 'the otitei thngs- fingu* 
"54 dud "55 ase hell m tlvs S,iek-to-hack portion b\ nieacs of a H shaped "Hf? elerneiu 
' 1 '->7 which js oper> towaidj the nuJJio tmd e.aeivb ir. the peitpr.eral d-rection of me tubulai 
lvd> 753 The outet t'anex. Hngers ?s^ and rele^^d h\ reiruAma; the rjv eien-ent 
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757, for example by folding open inward-pomting parts thereof, or by cutting through this 
ring element in tin axial direction and then removing it. Under the influence of the spring 
tension which has been generated by bending fee outer flange fingers into the position 
show? in l : ig. 35a, these tlange lingers fire then able to return to the position shown in 

5 Fig, 35b m order, together with the inner flanges 75 1 and 752, to clamp the end 745 or 746 
of the vessel concerned. 

Fig.. 36 shows yet a further variant of the fixing device according to fee first aspect of 
the Sections X.4. As far as the bottom half is concerned. Fig. 36 shows considerable 
correspondence with the embodiment according to Fig. 33. The difference between the 

10 embodiments according to Fig. 36 and the embodiment according to Fig. 33 lies mainly in 
the way in which the fixing to the top vessel end 745 Is produced. For these reasons the 
reference numerals 741, 743, 744, 7=15, 746 and 747 front Fig. 33 have therefore been used 
again for essentially the same parts. Reference can therefore also be made to Fig. 33 for fee 
discussion of the functioning of the parts 741, 743, 744 for fixing vessel end 746, As has 

1 5 been stated, tire, difference lies in die way in which vessel end 745, show, as the upper end 
in Fig. 36, is attached. Said upper vessel end 745 is fixed by clamping between an 
essentially rigid outer flange 761, which can be a tubular body closed in the peripheral 
direction, and an inner flange that can be sprung out into contact wife the latter and 
preferably will have been made up of inner flange fingers 762. Before producing fee join to 

20 vessel end 746, the inner tlange fingers 762 can already have been bent into fee fixing 
position shown in Fig, 36b by pushing an article, such as a ring or cylinder, in the direction 
of arrow T between the periphery spanned by the inner flange lingers 762, It is also 
conceivable to make the inner flange fingers 762 from a supetelastic metal alloy or an alloy 
with shape memory which can be activated. As already discussed above, it is then possible 

25 to freeze the inner flange fingers 762 in their position shown in Fig, 36a and to release 
them from this position in order to return to their position shown in Fig. 36b. In this case as 
we'll the fixing to vesstl end 745 can be produced before fixing to vessel end 746, but it is 
also conceivable first to produce the fixing to vessel end 746 and only thereafter the fixing 
to vessel end 745. Furthermore, it is also possible to tlx the inner flange fingers 762 by 

3D means of" a mechanical impediment, for example a sleeve wife m outwatdly beaded edge 
placed between them (compare 748, Fig. 34\ 

Fig. 37 shows a variant of the Q'E anastomosis device, according to Fig, 34. The 
same reference numerals as in Fig. 34 have been used for corresponding parts. Fig. 37a 
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shows the ETE anastomosis device in a so-called fitting position and Fig, 37b shows the 
anastomosis device m a so-called fixing position The difference compared with the 
embodiment according to Fig. 34 is mainly that Hie inner flange 741 is now also able to 
assume; a fttimt pesmon. sn which u runs m The direction oi \essei end 746 to be fixed 

5 thereto, "Hie inner flange 741 %viil preferably have been made up of a number of inner 
flange fingers 741 arranged distributed around the periphery of the tubular body 747. The 
mode of operation of the inner flange finger*! 741 is essentially identical to that of the outer 
flange fingers 743, Both can have been made of a supereiastic metal alloy or an alloy with 
shape memory which cart be activated. Fixing to vessel end 745 will once again preferably 

10 take place in advance by means of a suture join 742. Vessel end 746 to be joined to vessel 
end 745 will then be inserted between the inner flange fingers 741 and outer flange fingers 
743, which are open in a V-shape. The ETE anastomosis device 770 will then be heated to 
a suitable, temperature, as a consequence of which the tlange fingers move into the position 
shown in Fig. 37b. the fixing position, in the case of the embodiment according to Fig. 37 

\ 5 as well, mechanicai impediments for the inner flange fingers and/or outer flange fingers are 
again possible, for example by making use of sleeves with beaded edges (see what has been 
stated in tins regard with reference to Fig. 34 and Fig. 36). 

Fig, 3S shows, as a variant of Fig, 3?. a double embodiment, with which the two 
vessel ends, that is to say vessel end 745 and vessel end 746. are clamped between movable 

20 inner tlange fingers 741 and outer flange fingers 743 in the case of vessel end 746 and 
inner flange fingers 781 and outer tlange ringers 782 In the case of vessel end 745, The 
mode of operation of the inner flange fingers 78; and outer tlange fingers 782 corresponds 
to ihat oi" the inner flange fingers 741 and outer flange fingers 743 described with reference 
to Fig. 37. 

25 Fig, 39 shows an embodiment of a fixing device according to the second aspect of 

Section X.4. Fig. 59 shows a fixing device 800 which, as shown in Fig, 39, can be used to 
produce a so-called ETS anastomosis and also to produce a portal prosthesis for joining a 
cannula or working conduit to a hole made in vascular wall tissue, or even for producing a 
so-called obturator prosthesis. 

30 The fixing device 800 consists of a mbuiat dement 801 thai dehmits. a passage 812, 

an outer fiange 802, fixed to the tubular element 801. and an inner flange made up of inner 
tlange segments 803, The inner flange segments are each mounted on an arm 804. The 
arms 804 wuh tnntr ^ance segments §0^ attached thereto a-c armuged distributed around 
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the periphery of the tubular element 801. The arms 804 are bent inwards by one end about 
a hinge axis 813, such that Use inner flange segments 803 are located entirely within the 
peripherv, in particular the inner periphery, of the. tubular element 80) . By exerting a force 
directed radially outwards on an arm, such an ami 804 can be bent towards the tubular 

5 element SOL the inner flange segment 803 attached to the arm 804 moving radially 
outwards in order to overlap the outer flange 802 (Fig. 39b). With this arrangement all 
arms 804 can be bent outwards essentially simultaneously by pressing an auxiliary element 
covering the passage 812 into the passage 812 in accordance with arrow W. in the case of 
an CIS anastomosis, such a tool can be an assembly pari 809, for example a ring or tubular 

10 assembly part, fixed to the blood vessel 80? to be fixed at the end. The assembly part 809 
shown in Fig. 39a is a tubular body to which a blood vessel 807, which is to be joined at 
the end, has been fixed, preferably beforehand, by means of suture joins 808. When fitting 
the fixing device 800 the latter will be placed with its outer flange 802 in contact with the 
vascular wall tissue 806 surrounding the passage SI 4. The anus 804 will then be bent into 

15 an axially extended position, for example by pushing the tubular assembly part 809, to 
which the blood vessel 807 has already been fixed beforehand, into the passage 812. The 
tabular assembly part 809 is provided with a peripheral groove 81 1 for anchoring in the 
tubular element 801 and the tubular element 801 is provided with a corresponding 
peripheral rib 805, As can be seen in Fig. 59b, the tubular assembly par* 809 will be pushed 

20 into the tubular element until the rib 805 soaps into the peripheral groove 811. it is 
optionally conceivable to push the lingers 80? through passages made in the tubular 
element 801 to the outside, in which case the tubular element could then be lengthened. 

Figs '503 and 40b show essentially the same fixing device 800 as in Fig. 39, but now 
used a<< fixing device for a cannula 816, working conduit or an obturator cap 815. 

25 Therefore, the same reference numerals have been used for identical parts. The way in 
which the fixing device 800 according to Figs 40a and 40b is positioned in a passage 
surrounded by the vascular tissue 806, which, for example, cat) be the wail of the blood 
vessel ox the wall of the cardiac chamber, in essence does not have to differ front the way 
in which this can be carried out in the case of the embodiment according to Fig. 39. The 

30 cannula 816, the working conduit or the obturator cap 815 can in this respect Lake over the 
task of the cylindrical assembly part 809. Various medical aids, such as surgical 
instruments, can be fed into the circulatory system, such as a blood vessel or cardiac 
chamber, via the cannula or working conduit. The underside of the obturator cap 815 is 
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preferably covered with vascular wall tissue 817 that can have been fixed to the cap 815 in 
various ways, for example in the manner described with reference to Fig. 28c. In 
connection with, in particular, the coupling and uncoupling of a cannula 816 or working 
conduit, a can be preferable to replace the snap-fit connection SO? by a screw thread 

5 connection, bayonet fitting or a connection which can be uncoupled and reeoupisd in some 
other way. In the course of time the vascular wail tissue 817 can grow together with the 
vascular wall tissue 806 between the turns 804 and inner flange segments 803, 

Fig. 4 ] shows a further variant of the fixing device according to the second aspect of 
Section X 4 in three positions, "fins figure actually relates to two fixing devices, i.e. 820 

10 and 821, which together form a pair. Considered individually, the fixing devices 820 and 
821 are, as far as their mode of operation is concerned, essentially identical to the fixing 
device 800. 80? is the vascular wall tissue, surrounding the passage, to which the fixing 
device 821 is fixed and 806 is the vascular wail tissue, surrounding the passage, to which 
fixing device 820 is fixed. Corresponding to fixing device 800, the fixing device.? 820 and 

15 821 are both made up of a tubular element 825 that bears an outer flange 826 and, via aims 
828 which are bendable about a hinge axis, bears inner ftange segments 827, As already 
described with reference to Fig. 3*?, the fixing devices 820 and 821 wdi first be positioned 
with an outer flange 826 in contact with the vascular wail tissue concerned and a force 
directed radially outwards will then be exerted from the inside on the arras 828 in order to 

20 bring the Inner flange segments 827 into the position shown in Fig, 41b,. In the. case of the 
fixing device 820 tins can foe effected by pressing in a tubular body 823, covered on the 
inside with vascular waif tissue 817. here and fixing by means of a snap-fit connection 824. 
To the case of fixing device 821 this can be effected by pressing fixing device 820 herein 
unH a snap-fit connection 824 snaps home. An SIS anastomosis, for example, can be 

25 produced in this way. as cars be seen in Pig. 41 c from the way in which the vascular wail 
tissue $06 and 80? Is shown. 

Fig. 42 shows a third aspect of the invention according to Section X.4. This figure 
relates to a fixing device for producing an FTE anastomosis between two 'vessels 85 1 and 
852 to be joined end to end. The fixing device 850 consists of an rnner tubular body 853 

30 and an outer rubuiar body 854, as well as a clamping sleeve 855. The tubular body 85? is 
inserted in vessel end 851 and the tubular body 854 is then slid over vessel end 851, after 
which vessel end 851 is fixed to the tubular body 853 and tubular' body 854 by means of a 
sucure join 856, The tubular body 853 is then inserted in a vessel end 852. The clamping 
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sleeve 855 is then slid downwards in accordance with arrow W, Clamping sleeve 855 will 
then press in the axial direction against the outward-pointing fingers 857. The outward- 
pointing fingers 857 have pins 858 at their free ends. On pushing the clamping sleeve 855 
furthex. me tigers 8^ '' will then go mio an axiaily extended position and the piss 858 will 
penetrate into the vascular wall tissue 85 1 . if holes 859 have been mads in the inner tubular 
body 853 at the location of the pins 858, the pins 858 are able to pierce completely through 
the vascular wall tissue 852 and extend into the tubular body 853 and preferably not 
protrude into the interior of the tubular body 853. The hole 859 can optionally be a tie hole, 
in which ease the pointed end of the pin 858 is able to curl back like a paper staple in order 
to anchor in the inside of the vessel wall tissue 852. The clamping sleeve 855 is held in 
place by a rib 860 termed thereon (or optionally a cavity formed therein) snapping home 
with a cavity 861 (or, if appropriate, rib) formed in the tubular body 854. 

With regard to the embodiment according to Fig. 42 it is pointed out that when using 
materials which are soluble in the human body it is not absolutely essential to make use of 
the pins 858. These could optionally be omitted, in which case pure clamping of the 
vascular wall tissue 852 between a tubular body 853 > acting as inner flange, arid lingers 
857. acting as outer flange, takes place. 

With regard to Fig. 42 it should also be pointed out that the blood vessel 851 can also 
be fixed to the inside of 853, and 853 and 854 can then be integrated to give a one-piece 
whole. The suture jom 856 can then be retained, but movable inner arms can then also be 
used. 

Fig. 43 shows an embodiment of a fourth aspect of the invention according to Section 
X.4 in three positions. The embodiment concerned here is in particular a particular 
embodiment of the invention according to Section X.l and X.2 of this Application. Figs 43 
and 44 show, diagrammatical! y, a cross-section of a blood vessel 870 with a spirally wound 
device 70 according to Fig. 6. with flange fingers 72 and 7'3 (not indicated in Fig. 43} 
extended in the axial direction, therein. The flange fingers 72 and 73 are held in their 
axiaily extended position by means of a sleeve which has been axial ty cut open, extends 
over the fixing device 70 and likewise has been wound in spiral form, which sleeve as such 
is comparable with the sleeve 175 in. for example. Fig. 1 1. The assembly comprising 70 
and 871 is held together in spiral form by a sleeve 872 which is located around it and 
which is preferably closed in the circumferential direction. The construction 70, 871 and 
872 has the. advantage that in this way the fixing device 70 can be fed through narrow 
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conduits to its destination. Once it has arrived at fee destination, the sleeve 872 can then be 
pulled away, after which fee situation shown in Fig. 43b remains. If the sleeve 871, which 
has been out through in the axial direction, is then removed by pulling it awa> in the 
longitudinal direction of the blood vessel 870. fee ballon and top flange fingers 72 and 73 
can then, in the manner discussed with reference to Fig. 11, come, to lie around for 
example, a valve annulus or, as is shown in Fig. 43 e, pierce through the vascular wall 
tissue 87} in accordance with Fig. 14. 

Fig. 44 shows a variant of Fig. 43, where the ring prosthesis used is not so much an 
open ring prosthesis 70 but a version thereof which is closed in the peripheral direction, 
indicated here by 875, or an animal or human donor heart valve prosthesis, as shown in 
Fig. 5. A sleeve 876, which in contrast to the sleeve 87 1 can now be closed in fee 
peripheral direction, runs over fixing device 875 at the outer periphery. Oace again a 
surrounding sleeve 872 is provided in order to keep the whole in the compressed position. 
Once the device hits reached its destination, fee surrounding sleeve 872 can be removed, 
after which the position shown in Fig. 44b results. The sleeve 876 can then be removed, 
after which the position shown in Fig. 44c results. As should be clear. Figs 44b and 44c are 
very similar 10 Figs 43b and 43c, respectively. The main difference is thai fee fixing device 
875 and the sleeve 876 are closed in the peripheral direction. 

With reference to the fixing device 410 in Fig. IS and Fig. 25 or one of the other 
fixing devices 420, 430, 440, 450, 460, 470, 480, 4% or 500 in Section X.2, or one of fee 
other fixing devices in Sections X.3 or X.4, including the fifth and sixth aspect according 
10 Section X.4, to be mentioned below, :t is also pointed out feat, if the respective wbuiar 
element has an axial cut- through in accordance with Fig. 6, these can also be wound into a 
spiral or, even without such an axial cut-through, can he compressed into a shape as shown 
in Figs 44, 45 and 46. Once the device is in position, the arms with pins can then be driven 
outwards, optionally with the aid of a balloon, or it is even conceivable feat said arms with 
pins are held in an inward-pointing pretensioned position by a sleeve 871 or 876 or feat 
they are made of a metal alloy which can be brought into a pretensioned frozen position. 

Fig. 45 shows a variant of rig. 43, where the fixing device 875 is held pinched 
together in sleeve 876. 

fig. 46 shows, as a variant to Fig. 44. an embodiment with which the fixing device 
875 and sleeve 876 have been compressed into a star shape. 

Figs 47 and 48 show a fifth aspect of fee inventions according to Section X.4. This 
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fifth aspect relates to a particular embodiment of the invention according to Section X.i 
and Section X.I What it comes down to is that the tubuiar or tube-shaped element is made 
up of segments and can thus he fed in a compressed or optionally ribbon-shaped position to 
the destination At the destination the ring position of the tubular clement can be restored, 
for example by placing a segment 880 m contact with the surrounding vascular wall tissue 
and engaging in the tissue with this segment. 'Oris engagement into the tissue can be 
effected by means of pins which pierce the vascular wall tissue, but also by means of 
clamping between flanges or at least flange segments, in the embodiment according to 
Fig. 47 the segments 880 are heki together by means of a draw cord or tensioning wire 881. 
Bv pulling on the draw cord or tensioning wire 881 the segments 880 automatically come 
closer together in the form of a ring. Pulling on draw cord or tensioning wire 881 can 
optionally take place alter the segments 880 haw been anchored to the surrounding 
vascular wall tissue. If the passage in the surrounding vascular wall tissue is wider than die 
diameter of the ring of segments 880 shown in Fig. 47b, it is then possible to narrow the 
passage through tire circulator.' system in this way by pulling on the draw cord or 
tensioning wire 881. Tins can be of very great benefit in the case of so-called ring 
prostheses. Ring prostheses are prostheses which are used to reduce the size of the passage 
in a heart valve in connection with a heart valve that is leaking as a consequence of vessel 
widening. 

The embodiment according to Fig. 48 differs from that according to Fig. 47 
essentially in that use is made not of a draw cord or tensioning wire but of connecting wires 
891 positioned between the segments 890. These are always individual connecting wires 
89 i. These connecting wires can, tor example, have been made of a supereiastic metal 
alloy or of a metal alloy with shape memory, such as, for example, nitinoi. The advantage 
of connecting wires 8^1 made of such a material is that instead of pulling on the draw cord 
881 it can suffice to heat the connecting wires 891 to above a certain temperature, after 
which, the connecting wires 891 will return from a frozen, extended position into a 
shortened position and thus be able to reduce the ring of segments 890 to the smaller 
diameter shown by broken lines in Fig. 48b. This reducing of the diameter can take place 
after the segments 800 have been joined to the surrounding vascular wall tissue or at least 
have been anchored herein. In this way a constriction of the circulatory s>siem at the 
location of the fixing device can again be achieved. With regard to the mode of action of 
connecting wires 891 made from a supereiastic metal alloy or a metal alloy with shape 
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memory, which has been outlined here, reference can be made to, for example, 
orthodontics, where such wires arc also used for exerting forces on teeth to correct the 
position thereof. In orthodontics as well the wires are then usually iirst put in place in order 
then to be heated to above a spec site temperature, so that they .shorten or shrink and .start to 

5 exert the desired tensile force on the teeth. 

With reference to Figs 40 and 50, which show embodiments according to the sixth 
aspect of Section X.4. it is also possible to make use of individual elements 900 and 910, 
which, for example, are joined to one another by means of memory metal or other elastic 
materials. Each element individually contains pins 901 and 911 which have been bent 

10 inwards and which can be introduced radially through openings 902 and 912 in the 
elements 900 and 910 (see Figs 49b and 50a), either by direct exertion of force from the 
inside or by means of the memory function of the pins. This radial movement is 
temporarily counteracted by impediments 903 on the inside or outside of the elements 900 
and 910, which impediments prevent the pins 901 and 911 being able to emerge through 

15 the openings 902 and 912. Said elements 900 and 910 can be mounted on, for example, a 
balloon or expandable auxiliary instrument, which, for example, is placed in a sleeve and is 
brought into place in compressed form via a narrow access path. After expanding the 
balloon or the auxiliary instrument, the elements 900 and 910 are brought into contact with 
the widened valve anrtulos. After removing an internal or external impediment 903, the 

20 pins 901 and 911 located inside are pressed in pairs, or ail at the same time, radially 
through the openings 902 in the elements into the .surrounding tissue. Alter decompression 
of the balloon or the auxiliary instrument, the elements assume their pre-programmed 
mutual spacing by means of the elastic connecting means located between them and in 
doing so will constrict the valve opening, in the case el a mitral valve ring the elements 

25 900 and 910 will, usually consist of a fairly straight larger section along the inter-atrial 
septum, with smaller elements constructed syrnmenically in a sort of bean shape. In the 
case of an aortic valve ring, a circular form can suffice, which will consist of three or 
multiples of three elements. The impediments can be projections 903 arranged on a strip 
904. This has the advantage that multiple impediments are removed at the same time when 

30 the strip 904 is pulled away. 

Fig. 51 shows three embodiments of a seventh aspect of Section X.*?. This seventh 
aspect is a former development of what has already been described in Section X.2. What is 
concerned here Is in each case one ring or tubular element 930 with a multiplicity of pins 
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9U, fixed to arrr.s. distributed o\er the pt".:ph<.r>, s.hieh pins 931, m accordance with the 
subject of Section X.:\ are abh\ -fter 'to. removal of an impediment 9V or <»33 or 934, w 
mtAc iato a position in which they point radiall> outwards and m doing &o to penetrate or 
yiCice tiv sunounamg vascular wall tissue With oyss arrangement, in me position ready for 
*> fittmg, the pins ^K. fixt-d lo Arm?, are permanently unoer spring tension against the 
mioeeumenr 9^2, or 934 The impediment can t>e a stee^e-shaped body 9^2 that is 
located inside the oibular bod} 950 1 he impediment can 3 ho oe a sleeve-shaped body 9^ 
mat is located in contact with the outside o: the rubular body 03 0. Aceordtnt* to Fig. 5k. 
the impediment ;s a securing pin **34, 'which has ten inserted tftrough two passages 9l> 
Id and »»3o. which passages ° >S and °"*o have been made m the pm and, respectively, the arm 
of die assembly <>il Such impediment. :cr pm.s 931. *hieh are located entire*} ot 
partially tn the (holism t wall i>f the tubular element are not shows 

l'ig. 52 shovt& as die eighth aspect of Section X4, a further development o: the 
subject of Section X 3, What is concerned here is a fixing device 940 for ts m a 
15 passage '^12 surrounded by vascular wall tissue 941. I he fixing device 940 consist of a 
ring or tubular element 943 on which sbpmg, lop flange finders 944 are provided at the top 
and sloping bottom flange fingers are provided at die bottom The flange finger. 945 
and °44 are hete m a sloping position m O'der tu make <J possible to join, tor example, 
.mother vessel or cannula to the vascular wall tissue which, for example, cars be a 
20 small vein. At an oblique angle of 4V or less. The bottom flange ringers 945 and ton flanee 
finders 944 are neld in a circumferential plane i^erau^ed o\ me sleeve ^1o. which > 
H&>ws-:c sloping, ami. as should He clear, can m tins way oe fed obliquely through tht 
paysaee 942. If me sleeve 946 ts now pulled away m the direction according, to arrow S, 
tirst of all the bottom flange fingers **45 vnl'. spring into contact with the bottom of *he 
25 ocular wall tissue 94? under the Influence of a spring tension and men die top flanee 
fingers <U4 writ spring agumtl the top of the v-iscuiar wall tissue 94? By choosing suitable 
>4"-hque positions tor the bottom dunce finger 94> and top 'lange fmgeis 944. a uniform 
distribution of fuugc fmgcr>, atoura the pK-::rherv ot the parage ^1 can he ac^eveJ, 
vUnVi -.s advantageous tor ^hm] fixing 
V) F:g .\ 4 shows >et a mmh aspect oi the .-ur-jeet of skencn X 4, sVmch in fact t.? Mice 

again a further development »f the .subject of Sev:i»-n X 5 Voat is concerned here if u 
sleeve 950 arranged around a guide wire 951. In tins way by first, feeding die guide wire 
95? into the body, the sleeve 950 can then be gtiided along said guide wire to a specific 
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destination, such as the position where, tor example, a fixing device 960 has to be fixed in 
a passage surrounded by vascular wall tissue. The sleeve 950 has a pointed end to facilitate 
guiding over the guide wire 051. Such a pointed end can comprise a multiplicity of 
triangle-Use elements whxh a:c ho : a mgetner -a a pointed shape (in F^. 5i drawn 

5 only over a .short distance in the longitudinal direction of the sleeve). The fixing device 960 
can be provided relatively far away from the- pointed end of the sleeve 950 in a cylindrical 
section of the sleeve 950. it being possible, for example, for the sleeve 950 to assume a 
curved shape at the end in order, tor example, partially to follow the shape and .form of the 
destination vessel with or without the guide wire- therein. However, this is by far from 

10 always being practical For this reason the eighth aspect provides for the fixing device 960 
to be located entirely or, as shown, partially in the pointed end of the sleeve 950. The fixing 
devtce 960 consists of a tubular- or annular element 96; with top flange fingers 962 and 
bottom flange fingers 963 running in a cylindrical pattern mounted thereon, which flange 
fingers follow the tapering wail elements 964 of the pointed end of the sleeve 950. It 

15 should be clear that the fixing device 960 can optionally have been inserted more deeply 
into the pointed end or, optionally, can be located entirely in the pointed end, in which case 
the top flange fingers 962 could then project somewhat outwards, lying as it were in the 
extension of the bottom flange fingers 963. A further ring 965 is provided on the outside 
around the sleeve 950. and in this case also around the top flange fingers 962, in order to 

20 hold the multiplicity of triangular elements 964 together, preferably some distance away 
from the pointed end. Said ring 965 can also consist of an additional outer sleeve, which 
cars be removed in its entirety or in parts. It should also be clear that the assembly shown in 
Fig. 53 can also be modi tied in order to be able to be connected arriving at an angle, 
corresponding to what is shown in Fig. 52. The top flange fingers 962 can then form 

25 essentially the same pattern as the top flange fingers 944 in Fig. 52 and the bottom flange 
fingers 963 will, if the fixing device 960 is located with the bottom flange lingers 963 
within the pointed end 964 of sleeve 950, not only have a sloping position but will also 
taper. 
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CLAIMS 
SECTION 4.1 

5 i. Cardiac prosthesis fixing device comprising a tubuku element which can be 

accommodated within a valve araatJus of a heart and it; provided with a bottom flange and 
a top flange, the bottom and top flanges extending in the peripheral direction of the tubular 
element, and the bottom and top flanges having a first position in which they extend 
outwards from the tubular element in order to be able to accommodate the valve anmiius 

10 between them for fixing the cardiac prosthesis fixing device, characterised in that the 
bottom flange is bent, or can. be bent, reversibly, against a resilient force, from the first 
position into a second position hi which the projection of the bottom flange on a radial 
transverse surface of the tubular element is located essentially on and/or within the 
periphery of the tubular element; 

1 5 and in that the bottom flange is fixed or can be fixed in said second position in such a 

way that the fixing can be released in order to bend back the bottom flange towards the first 
position under the influence of said resilient force. 

1 Cardiac prosthesis fixing device according to Claim U characterised in that the top 
flange is bent, or can be bent, revcrsibly from the first position, against a resilient force. 

20 into a second position in which the projection of the top flange on a radial transverse 
surface of the tubular element is located essentially on and/or within the periphery of the 
lobular element: 

and in that the top flange is fixed, or can he fixed, in said second position in a manner 
such that the .fixing can be released in order to cause the top flange to betid back m the 
25 direction of the first position under the influence at" said resil lent force, 

3 Cardiac prosthesis fixing device according to one of the preceding claims, 
characterised in that in the first position the axial spacing between the bottom and the top 
flange, in particular the outside edges thereof, is less than the thickness of the valve 
ajmuius to be accommodated between them in order to be able to clamp the valve annuius 
30 between the bottom and top flanges in the assembled position. 

4. Cardiac prosthesis fixing device according to one of the preceding claims, 
characterised in that the bottom and the top flange in the first position are in a position in 
which they are piotensioned facing towards one another. 
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5. Cardiac prosthesis fixing device according to one of the preceding claims, 
characterised in (hat (he bottom and/or top ilange comprises a number of lingers arranged 
distributed around the periphery of the tubular element and separated from one smother by 
incisions* cut-outs or folds. 

5 6. Cardiac prosthesis fixing device according to one of the preceding claims, 

characterised in chat the tubular element is integrated with a valve or ring prosthesis or 
with a, preferably round or cylindrical, housing (hereof. 

7. Cardiac prosthesis fixing device according to one of the preceding Claims 1-5, 
characterised in that the tubular element is provided with a lower limit in order to prevent, a 

10 valve prosthesis positioned in the tubular element after implantation of the cardiac, 
prosthesis fixing device from becoming detached in the downward direction from the 
tubular element and/or with a -op closure in order to prevent a valve prosthesis fitted in me 
tubular element alter implantation of the cardiac prosthesis fixing device from becoming 
detached in the upward direction from the tubular element 

IS 8. Cardiac prosthesis fixing device according to Claim 7, characterised in that the 

lower limit can comprise a stop, such as an inward-pointing rib extending in the peripheral 
direction, arranged inside the tubular element at the bottom thereof. 

9. Cardiac prosthesis fixing device according to Claim 7 or Claim 8. characterised in 
diat the top closure comprises a screw ring or snap- fit ring and/or resilient lips. 

20 1 0. Cardiac prosthesis fixing device according to one of Claims 7-9, characterised in 

that the valve prosthesis can be accommodated in the tubular element such that it is 
rotatable about its longitudinal axis, lor example by means of a screw thread connection, a 
bayonet fitting or an interacting assembly of a peripheral recess in the. one part and one or 
more ribs on the other part, the cardiac prosthesis fixing device furthermore preferably 

25 being provided with a twist lock in order to be able to fix the tubular element and the valve 
prosthesis in a desired position with respect to one another 

11. Cardiac prosthesis fixing device according to one of the preceding claims, 
characterised in that the bottom and top flanges are at least partially arranged in accordance 
with a sinusoidal pattern in the peripheral direction of the tubular element. 

30 12. Cardiac prosthesis fixing device according to Claim 1 U characterised in that the 

sinusoidal path will have a length of three sine periods together spanning the circumference 
of the tubui ar body . 

13. Cardiac prosthesis fixing device according lo one of the preceding claims, 
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eharacrerised in that the tubular dement is a sinusoidal!? wave-shaped ring or sinusoidaily 
wave-shaped cylindrical element with three sine periods. 

14. Cardiac prosthesis fixing device according to one of the preceding claims, 
wherein the valve ammlus to be accommodated between the bottom and top flanges has a 

5 sine-wave shape three periods long, characterised in that the top and bottom flanges 
eompri.se flange segments for clamping the sine wave troughs of the valve annul us, which 
flange segments arc preferably positioned approximately J 20* apart, 

15. Cardiac prosthesis fixing device according to one of the preceding claims, 
wherein the valve annulus to be accommodated between the bottom and top flanges has a 

10 sine-wave shape three periods long, characterised in thai the top and bottom flanges 
comprise flange segments for damping the sine wave peaks of the valve annuhis, which 
tknge segments are preferably positioned approximately 120° apart, 

16. Cardiac prosthesis fixing device according to one of the preceding claims, 
wherein the valve annate to he accommodated between the bottom and top flanges has a 

15 sine-wave shape three periods long, characterised in mat the top and bottom flanges 
comprise flange segments for clamping the sine wave origins of the valve annulus, which, 
flange segments are preferably positioned approximately 60' apart, 

17. Cardiac prosthesis fixing device according to one of the preceding claims, 
characterised in that die outer surface of the tubular element is concave. 

20 18. Cardiac prosthesis fixing device according to one of the preceding claims, 

characterised in that the bottom and/or top flange or lingers of the bottom and/or top 
flanges is/are provided with anchoring means, such as barbs, points or roiighenings. tor 
anchoring in the valve annuius. 

19. Cardiac prosthesis fixing device according to one of the preceding claims. 
25 characterised in that said device farther comprises fixing means for reieasahly fixing the 

bottom and/or top flange in the second position. 

20. Cardiac prosthesis fixing device according to Claim 1 9, characterised in that the 
fixing means comprise at least one annular element, such as a sleeve, ring or suture, which, 
when in the second position, are placed or can be placed around the bottom and/or top 

30 flange. 

21. Cardiac prosthesis fixing device according to Claim 19. characterised in that, the 
fixing means comprise a sleeve in which the tubular element with the bottom flange in the 
second pistnoo «md optional^ the top f.nnge m the second position can be accommodated 
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oi keece been ^eeomrnodatcd in such a v\a> that die tubuiot element, the bottom flange and 
the optional top ilan&c can he pished out ot the Sieese by ictractjrg the sleese front the 
tubular element in the longitudinal direction feeing awn;. fVoro the bottom tiange, 

" (. ardlae prosthesis' fixing device according to Chains !° or 20, charucters\ea ir. 
ihdt a v.uvc prosthesis is fined m the tubular Ciemeni and to that the axing means comprise 
a ssutiire which is fetched taut around the bottom flange m the second position and the tw*« 
cud? of the suture ran ever the oubide ot the tubular element >--r through the wall ol the 
tub^ar element to that *idc ot the tubular element which faee^ away front the bottom 
flange sr orUet to be fixed in place at that side o* be>oud that end, it being possible to 
remove the suture after detaching use one end of the suture by pulling on the other end of 
ihe sutujc and those nans of tin, suture running cner the tubular element preterabi) bemg 
gusded in guide means, such as small tubes or conduits 



SECTION 4.2 



21. Pro.sthe&is fixing device comprising a tubular element intended tr Ik, when the 
ptos-thesjs ftxmg dev^e is m the fmed position. >.vith the ouLs.de in contact with the 
perphenf wet I of part ot the circulators svstem ana t>> a„commoaate a prosthes-s. .such a.s a 
vahe pro.stnern^. m.side it, fie lubuku clement basing pms arraimed distributed around the 
peupheiy, which pms penetrate the peripheral w-fd wneo the >.te\ tec is m the fitted position, 
chariot* 1 ! iscd m that each tun .\ ariariged. on an a^n whsen is attached bv oiv end to die 
tubular ekmurt in a manner which pcrmrru swinging around a hinge axis, such as sia a Ma 
kne bending dm*, and In thai the arms and pm? are movable, b> swinging about the 
himy: axis from an insertion position, m which thes ate e^sentialls located mstae the 
tunmar etetr.ent. mto a fixing portion in which at ieast the pins, x jewed it uu rddul 
d'icutot, p"<nect outside the tubular ek-snent 

4 1 resthesi.s fixing aevice ia-ordrng to ( hum .\ oMai actcn^ed in tna* the arms and 
pm\ ace located within the long.tudu\u bi>uiidaiie& >■* tK tubular element tr the mw.~hor. 
poM.uon and m that the tubular cement is pnwjoed with ladul passages tocatea alongside 
tK- pins m the mdiat diteeuen, <*\ pamcuku am .shaped passages exterdiug ci the 
loi.guudmal Oueetton ot ike <.unvs, stick that uk p-ns >i:e ,*ble to emerge irsrcugh t^.est- 
passape;* on swsr.gu'g K>m tf e srs<.rron position mt • tke fixirg posrinn 

"5 P'MSL'te^is fixnie dessce accord" to CL>m ? t ot ehaiaetensed tba* tlic 
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anus, vewed in the iongimdmal direction of fee tabula! eminent, ex lend essentially in said 
.longitudinal direction. 

2o Prosthesis fixing device aceu-dmg to one of Claims 23 ~ 2 a, characterised in thai 
each am ha* at least two pins. 

.17, Prosthesis fixing device according to one .^Claims 23 - 2o, characterised m feat 
'ho prro.v. sievyed fiom f he hinge avis, point away from the heart m the insertion position 

28. Prosthesis ^Ix.ng device according m one of Claiia.* 2.* - 2", characterised in that 
the tubu'ar element has a hittotn and or top florae :>:iendsng in the circumferential 
direcuor of the tubular element, which fiance, :J lea&t :n fee fitted position, project? 
outwards vuth tespect to the tubular element in oi Jer to come into contact with, or at 'east 
to o^eriap. the bottom or, respectively, the ton of sumiundiiiu \ oscular wall tissue, such 
the valve annums. 

29 Prosthesis iixmg dewee according to Claim 28. characterised m that the bottom 
or, respective!}, top flange ha.s a number of lionge tiriget^ separated irom one another b> 
melons, cat-out. or rbkb and arranged distributed a-onnd the periphery of the nihuhu 
element, 

it\ Prosthesis fixing device according to one of Claims 1\ ~ 2^, char&ctemed m that 
the tubular element is provided with a lowei limn m ordes to pievenr a prosfec-i's. such as a 
valve prosthesis, placed in the tubulai element after implantation of the prosthesis fixing 
device Pom derachm^ from me tubular element w die downward direction ana or with a 
lop closure in order to present a prosthesis, such as a vahc prosthe^u;, placed in the Ufeaiat 
element after implantation of the orosiln-sis fixing device from detaching from the tabular 
demon in the upward direction 

>i. ProNtnesss fixing deuce according to Claim Ms. characterised m feat fee lower 
limit eorapnses a .stop arranged inside the tubular element at fee bottom thereof, suen a^ au 
mv,ard positing nb extending in the circumferential direction 

22. Prosthesis fixing de\KC aevoicung 10 Claim ^0 oi <1. characterised m that the top 
Uosme comprises a screw nrg or a snap-in rmg rmd/or resident snap-ill lips 

* <, Prosthesis tlx rig JeCee accoriirg n> ore of Claims 30 - 32, charactcised ei feat 
me pnx^thtoii^ can be accommodated ir me Umu.ar eVrnem such thu it can be mroeu aboel 
its longitudinal axis. t» r example b> meats oi a screw thiead amr.ecnon. a havonet 
connexion or a combination oi peripheral mces.se.-> m the one part and one or more ribs o". 
the ofeor pan tnteiactmg therewith, die puvUhcsi^ fixing dev^„ oreferaoo ^s<< bem- 1 
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provided with a twist lock in order to be able to fix the tubular body and the valve 
prosthesis in a desired position with respect to one another. 

34. Prosthesis fixing device according to one of Claims 23 - 33, characterised in that 
the arms and fingers are arranged at least partially in accordance with a sine wave-like 

5 pasters in the peripheral direction of the tubular element. 

35. Prosthesis fixing device according to Claim 34. characterised in that the sine 
wave path has a length of three sine periods together spanning the periphery of the tubular 
body. 

36. Prosthesis fixing device according to one v<f 23 - *x characterised in that 
10 the tubular element Is a sine- wave-shaped ring or sine- wave-shaped cylindrical element 

with three sine wave periods, 

37- Prosthesis fixing device according to one of Claims 23 - 36, characterised in that 

the arms provided with pins have been bent, or can be bent, against a resilient force from 

art initial position, corresponding to essentially the fitted position, into the insertion 
1 5 position and are fixed or can be fixed in said insertion position in such a way that the fixing 

can be released in order to cause the asms provided with pins to bend back to, or at least in 

the direction of, the fitted position under the influence of the resilient force. 

38. Prosthesis fixing device according to one of Claims 23 - 37, characterised in that 

at least part of the external surface of the tubular element is concave, 
20 39, Prosthesis fixing device according to one of Claims 23 - .38, characterised in that 

the tubular element is provided with two or more rows of arras, provided with, pins, 

running in the peripheral direction. 

SECTION 43 

25 

40. Fixing device for fixing to vascular wail tissue, comprising a tubular element 
which can be accommodated within a passage surrounded by vascular wall tissue and is 
provided with bottom fingers arranged distributed in the peripheral direction of the tubular 
element and with top fingers arranged distributed m the peripheral direction of the tubular 
30 element, the bottom and top fingers having a first position in which they project outwards 
from the tubular element with respect to the axial direction of the tubular element in order 
to be able to accommodate between them the vascular wall tissue surrounding the passage, 
characterised in that both the bottom and the top lingers have been bent aside, or can be 
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bent aside, reversibly, against a resilient force, from the first position into a second position 
in which the projection of the bottom and top fingers on a radiai transverse surface of the 
tubular element is located essentially on and/or within the periphery of the rubuiar dement: 
and in that the bottom and top fingers are fixed or can be fixed in said second 

5 position by a sleeve in which the tubular element and the bottom and top fingers which are 
in the second position have been accommodated or can be accommodated such that the 
tubular clement, the bottom fingers and the top fingers can be slid cut of the sleeve by 
sliding fee sleeve in the longitudinal direction of the tubular element, in order to allow the 
bottom and top fingers to return to the first position. 

10 41. Fixing device according to Claim 40, characterised in feat the bottom and top 

fingers extend essentially ax tally in opposing directions in fee second position. 

42. Fixing device according to Claim 40 or Claim 41 . characterised in feat the bottom 
and top lingers, in fee first position, extend in the radial dhection with respect to the 
tubular body, 

1 5 43, Fixing device according to one of Claims 40 - 42. characterised in that fee sleeve 

has an end which is sloping, tapered, pointed or curved with respect to the axial direction 
thereof. 

44 Fixing device according to one of Claims 40 - 43. characterised in that the ends of 
the bottom fingers span, with their ends, a surface which is sloping, tapered, pointed or 
20 curved with respect to the axial direction of fee sleeve when the arms are in the second 
position. 

45, Fixing device according to one of Claims 40 - 43 characterised in that the bottom 
and/or the top fingers have pointed ends. 

46. Fixing device according to one of Claims 40 - 45, characterised in that the bottom 
25 and/or top fingers, in their first position, define a flange surface extending uninterrupted or 

with interruptions around the tubular element. 

4?. Fixing device according to one of Claims 4} ■• 46. characterised in that in the first 
position the axial spacing between the top and bottom fingers, in particular the ends 
thereof is less than the thickness of the vascular- wail tissue to be accommodated between 
30 them in otder to be able to damp the vascular wall tissue between the bottom and top 
fingers in the fitted position. 

4$. Fixing device according to one of Claims 40 - 47. characterised in that in the first 
position the bottom and top fingers arc pretensioned and face towards one. another. 



wo mumn Fcrmimmam 
74 

49. Fixing device according to one of Claims 40 - 48, characterised in that the tubular 
element is provided with a lower limit in order to prevent a prosthesis, such as an obturator 
cap or valve or va-;euh'- prosthesis o; cannv. a or working wridmt. placed m the *uhular 
element after implantation of the fixing device from detaching from the tubular element m 
■he downward direction and/or with a top closure in order to prevent a prosthesis, such as 
•an obturator cap or valve or vascular prosthesis or cannula or working conduit, placed m 
the tubular element after impiantat-on of the fixing device from detaching from the tubular 
element in fee upward direction. 

50. Fixing device according to Claim 49 in combination with the characterising part 
of Claim 8 or 9, 

5L Fixing device according to Claim 49 or SO, characterised in thai the prosthesis, 
such as an obturator cap or vascular prosthesis or cannula or working conduit, can be 
accommodated in die tubular element- such that it can he turned about its longitudinal axis, 
for example by means of a screw thread connection, a bayonet connection or a combination 
of a peripheral recess in the one part and one or more ribs on the other part interacting 
therewith, the fixing device preferably also being provided with a twist lock in order to be 
able to fix the tubular element and the prosthesis, such as an obturator cap or vascular 
prosthesis or cannula or working conduit, in a desired position with respect to one another. 

52. Fixing device according to one of Claims 40-51 in combination with the 
characterising part of one or more of Claims 1? - 22. 

5??. Assembly of a fixing device according to one of the preceding claims and an 
obturator cap, which can be accommodated therein, for occluding the passage surrounded 
by the tubular or tube -like, element, wherein the obturator cap is preferably co vered on one 
or both sides with vascular wall tissue, pericardium, vascular prosthesis or anti-clotting 
material. 

54. Fixing device according, to one of Claims 40-53, wherein the outer flange 
fingers, and/or the inner flange fingers, are made from a superelastic metal alloy or an alloy 
with a shape memory which has been activated/can he activated by heat, such as a nickel - 
titanium alloy, for example nitinoi, 

SECTION 4,4 



55. Fixing device for fixing to the end of a vessel, comprising: 
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a tubular ood\ ha\mg ar< ma^r *!asue fonr.e J thereon Jot accommodating in the 
mter*oi of the end of the ses&er 

.in outet rUnge to be located, in a fiv-riC position, around the end of the vessel, 
uvuuJ ar,c m contact witn the outtude or the wscular wat> Uu.\ *hieh outer flange, m 
sard founa, position, runs course, the irner fiar.rte <ti»i o\ ethos the latter, the outer flange 
htrma fundable or oent f rom the £<tmg p istt<o«, against a tesihenr force, mto & 
preiensjoncd fitting position located further awsj horn die mner flange, and the outer 
flange, m said pretenaioued fitting petition. oeuig rlxabV nr fixed m such a way that said 
fixinjf can be ubrawfd in orict to cause the outer ilange to wn.1 hack m the direction of the 
tix'ne position xukr the influence oftt.tr pretension 

56. Fixing device according to Claim 25, wherein die saner flange is bendable Of has 
been bent from the fixing position, against a resilient force, inw a pretensioncd fitting 
position located a greater distance away from the outer flange, and the inner flange »s 
fixabie or has been fixed in said pretensioned fitting position in such a way that said fixing 
can be released in order to cause the inner .flange to bend back in the direction of the fixing 
position under the influence of the pretension, 

57. Fixing device according to Claim 55 or 56, wherein ihe outer flange, said/or the 
inner Ilange, are/is made from a superdastte metal alloy or an alloy with a shape memory 
-which has been activated/can be activated by heat, such as a nickel-titanium alloy, for 
example rminol. 

58. Fixing device according to one of Claim 55 - 57, wherein., in the fitting position, 
the outer ilange extends in a direction essentially opposed to that of the inner ilange and 
wherein the outer flange is fixed or is fixabio in the fitting position by means of a sleeve in 
which die outer flange is accommodated. 

59. fixing device according to one of Claims 55 - 58, comprising two of said inner 
flanges which extend essentially in the extension of one another and comprising two of 
said outer flanges which in the fitting position are essentially transverse to the inner 
tlanges, with the omsides facing one another. 

6(i. Fixing device according to Claim 59, comprising a U-shaped annular element 
opening towards the middle, in which the ends of the outer flanges can be accommodated 
or are accommodated in the fitting position. 

61. Fixing device according lo one of Claims 40 58. wherein die tubular clement is 
provided ah round with suture passages. 
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62. Fixing device for fixing in a passage surrounded by vascular wall tissue, 
comprising ; 

a nsbaiar element that delimits a passage, 

an outer flange on the tubular element to come into contact, at the access side of the 

5 passage, with the vascular wall tissue surrounding fee passage, 
an inner flange made up of inner flange segments, 
wherein each inner flange segment, is arranged on an arm, one end of which is attached to 
the tubular clement in a manner which allows swinging about a hinge axis, such as via a 
fold .line or bending line, and 

10 wherein the arms and flange segments are movable, by swinging about the hinge 

axis, from an insertion position, located essentially within the outline of the passage, into a 
fixing position in which the inner flange segments, overlapping the outer flange, can come 
into contact, on that side of the passage which faces away from the access side, with the 
vascular wail tissue surrounding the passage, 

IS 63. Fixing device according to Claim 62, characterised in that the inner flange 

segments and/or arms ate located within the longitudinal boundaries of the tubular element 
in the insertion position and in that the tubular element and'or outer flange is provided with 
radial passages located alongside the vxici rla^e -egnunts anchor arms in the radial 
direction, in particular slit-shaped passages extending in the longitudinal direction of the 

20 arms, such that the inner flange segments and/or arms emerge through these passages on 
swinging from the insertion position into the fixing position. 

64. Fixing device according to one or more of Claims 62-63, characterised in that the 
inner flange segments and/or arms have been bent, or can be bent, against a resilient force 
from an initial position corresponding to essentially the fitted position into the insertion 

25 position and are fixed or can be fixed in said insertion position in such a way that the fixing 
can be released in order to cause the inner flange segments and/or arms to bend back to, or 
at least in the direction of, the fitted position under the influence of the resilient force. 

65. Fixing, device according to one or more of Claims 62 - 64, characterised in that 
the inner flange segments and/or arms can be fixed in an insertion position by means of a 

30 sleeve and/ or an assembly of securing pins, which can be located on the outside, in the wall 
or on the inside of the tubular element, optionally making use of one or more passages 
through the inner flange- segments and'or arms, such that by sliding the sleeve and'or 
securing pins in the longitudinal direction of the tubular element the inner flange segments 
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anci/or arms can be .slid cast of the .sleeve arid/or securing pin.) in order to allow the inner 
flange segments and/or arms to return to the initial position. 

66. Fixsng device according to one or more of Claims 62 ~ 6.\ wherein me inner 
flange segments and/or anus are made from a supereiastic metal alloy or an alloy with a 

5 shape memory which has been swtivaled'can be activated by beat, such as a nickel-titanium 
alloy, for example nitiuoL 

67. Fixing device according to Claims 62 - 66. characterised in that the tubular 
etemem is provided with a lower limit in order to prevent a prosthesis, such as an obturatoi 
cap or vascular prosthesis or cannula or working conduit, placed in the tubular element 

10 after implantation of the fixing device from detaching from the tubular element in the 
downward direction, and/or with a top closure in order to prevent, a prosthesis, such as an 
obturator cap or vascular prosthesis or cannula or working conduit, placed in the tubular 
element after implantation of the fixing device from detaching from the tubular element in 
the upward direction. 

1 5 68. Fixing device according to Claims 62 - 6? in combination with the characterising 

partof€Iaim8or9. 

69. Fixing device according to Claim 62 or 68. characterised in that the prosthesis, 
such as an obturator cap or vascular prosthesis or cannula or working conduit, can be 
accommodated in the tubular element such that it can he turned about its longitudinal axis. 

20 for example by means of a screw thread connection, a bayonet connection or a combination 
of a peripheral recess in the one part and one or more ribs on Die other pan interacting 
therewith, the fixing device preferably also being provided with a twist lock in order to he 
able to fix the tubular element and the prosthesis in a desired position. 

70. Fixing device according to one of Claims 62 - 69 in combination svith the 
25 characterising part of one or more of Claims 17-22. 

71 . Assembly of a fixing device according to one of the preceding Claims 62 - 70 and 
an obturator cap, which can be accommodated therein, for occluding the passage 
surrounded by the tubular or tube-like element, wherein the obturator cap is preferably 
eos'ered on one or bolh sides with vascular wall tissue, pericardium, vascular prosthesis or 

30 anti- clotting material 
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